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ELECTRONICS SCENE 


AUTOMATIC VEHICLE LOCATION 
RITISH engineers and scientists are cur- 
rently developing automatic vehicle lo- 

cation (AVL) systems that can pinpoint the 
position of a vehicle to within a few metres. 

One system, Datatrakt!), is already in use 
with a number of pioneering organizations. 
and another technique devel- 
oped by a Cambridge University 
professor is likely to be com- 
mercially viable, too. 

AVLis of importance forany- 
one whose business involves the 
management of a fleet of vehi- 
cles, whether they be delivery 
vans, ambulances, or horse boxes. 
The Confederation of British 
Industry reckons trafTic conges- 
ton costs industry £15 billion a 
year in lost time, wasted fuel 
and vehicle wear and tear. Naturally, 
any commercial organization is 
concerned about how quickly 
its vehicles take to arrive as well 
üs the security of driver and load 

Although cellular communi- 
cations technology in Britain is 
very advanced, with all indus- 
trial areas reachable on the Cell- 
netor Vodaphone networks, any 
method of maintaining contact 
with the vehicle that depends 
on the driver is not totally reli- 
able or secure. For example, the staff of 
some security firms have absconded with valu- 
able loads. Cellular communications systems 
are also very expensive to operate. 

The desire to find un ALV technique that 
allows operators to monitor and control their 
fleets in real time, without the need of driver 
intervention, has led to the development of 
















Datatrak by Securicor, a British security or- 
ganization, and the George Wimpey Group, 
a building firm 


Electronic ma 
Datatrak uses a network of low-frequency 
navigation transmitters and UHF receivers 








covering Englandand Scotland, A locatorunit 
in the vehicle uses a small antenna to pick 
up navigation sig d then send its Ord- 
nance Survey grid reference, with informa- 
tion on direction and speed. to a network of 
base stations. 

Receivers at the base stations are linked 
10 à control, data gathering and distribution 











system that transmits information viaa modem 
link to the customer's office. It is then dis- 
played on a series of electronie maps on à 
computer screen, giving the controller the 
ability to see at a glance exactly where all 
the vehicles are. where they are heading and 
their availability. 

In addition, status keypads in 
the vehicle can be used to send 
any of several hundred coded 
messages to control, indicating, 
for instance, that the driver is 
stopping for a tea break or is 
about to unload, Optional vehi- 
cle message units allow the con- 
troller to send hard copy messages 
tothe drivers, even when they are 
not in the vehicle 

An alarm facility means the 
controller can see and hear in- 
stantly ifa problem has arisen and 
take the necessary action as quickly 
as possible. Increased security for 
drivers and loads, particularly 
inthe fields of cash in transit, high 
values or dangerous goods dis- 
tribution, is an obvious benefit of 
Datatrak. 








Using the Datatrak vehicle monitoring and control system, the lo- 
cation and status of a vehicle fleet can be checked on a series of 
computer-based electronic maps. The area on the screen shown 
is a 5-mile radius aroun d Banstead, Surrey, in southeast England. 


Improving response times 
Increasingly. however, it is the 
extra control given to fleet oper- 
ators and the ability to monitor 
operations and use their resources as cost- 
effectively as possible, that are of most in- 
lerest to potential users. 

Surrey Ambulance Service in southeast 
England was the first to install a Datatrak 
system as part of its new £1 million control 
centre. It allows operators 10 deploy staff 
and vehicles on the basis of real-time loca- 











duced and pulled by ELEKTOR 
ELECTRONICS (Publishing) 





Editoripuhlisher: Len Seymour 
Technical Kditor: J. Buning 
Editorial Offices. 

P.O, Box 1414 

DORCHESTER 

Done DT? SYH 

England 

Telephone: (0405) 250) 995 (Natianal 1 
nir 434 305 250 995 (Inremonional } 
Bax: HiMISI 250 99h (Mariana Y 

vr 44 305 250 096 (Inremnariemul Y 


Advertising PRE Limited 
3 Wolseley Terie 
CHELTENHAM GLS0 TH. 
"Telephone (242) S170, 
Fay (0242) 206626 


International Advertising. 
Litgeversrmatschappl) Elektuur bs. 
P.O. Box 78 

6190 AB BEEK 

The Netherlands 

Telephone. 43] 46 3804 44 

Fux $3146 3700) 1 


Subscriptions: 

World Wide Subscription Service Lid 
Vnit 4, Gibbs Reed Farm 

Pastiley Red. 

TICERURST TNS THE 

"Telephone: (0580) 200057 (Nunional ) 
444.580 200.057 (Miiernational ) 
Vox: (D580) 2000.16 (Nasianal) 

Dr +44 580 200 616 Untemalinal y 





European Offices: 
P.O. Box 75 

614 AB BEEK 

The Netherlands 

Telephone: 43] 36 38 94 44 

"Telex: 56617 lelekit nli 

Fay: eM 40 370) 61 

Managing Director: M-M.I. Landau 


Distribution. 
SEYMOUR 

1270 London Road 
LONDON SW io ADH. 


Printed in the SNereriands by NDB. 
"ivoterwoude- 


ELEKTOR ELECTRONICS APRIL 1992 


Overseas editions. 

PRANCE 

Mlekior sarl 

Les Trois Tilleuls 

B.P. St, 5985 NIEPPE 

Editors: DRS. Meyer/G.C-P. Ravderdlorf 
GERMANY 

Elektor Verlag Gmbh 

Silsierfelt StraBo 25 

5100 AACHEN 

Editor, BJA, Krempelsauey 

GREECE 

Elektor EI 
Kariskaki H4 

10673 Voula - ATHENA 

Editor: E Xanthyulis. 
HUNGARY 

Flekior Elektronika [olyorar 

1015 Budapest 

Barthyany u. 13 

Editor: Lakatos Audris 

INDIA. 

Elektot Electmhics PVT Lii 
Chhonia Building 

SIC, Proctor Road, Grant Road (E) 
BOMBAY 400 007 

Editor: CR Chandarana 
ISRAEL 

Wektonsal 





PO Box 41096. 

TEL AVIV 61410 

Publisher: M. Avrahum 
NETHERLANDS 

Elektuur BY 

Peter Treckpoelstraat 24 
6191 VK BEBK 

Editor: PEL. Kersemakers 
PORTUGAL 

Ferreira & Bento Lila. 

RAD, Beini, 32- Too 

1000 LISBOA 

Editor: Jevemias Sequelra. 
SPAIN 

Resistor Electronica Aplicada. 
Calle Maudes [5 Hutt C. 
28003 MADRID. 

Editor: Agustin Gongaley Buelta 
SWEDEN 

Electronic Press AB 

Box $505 

14105 HUDDINGE 

Editor: Will Cedam 

USA & CANADA 

Elekuw Electronics USA 

PD Box 870 
PETERBOROUGH NH 03458-0876 
Publisher: Edwin T. Dell 





ELECTRONIC: 


lion and status data, improving response 
times to the 60 000 emergency and urgent 
calls they receive annually, 

Before the introduction of Daratrak, op- 
erators had to dispatch vehicles from an es- 
timate of their position and status, based on 
the last verbal contaet with the crew. 





NE 


Complete control 

Operators of distribution fleets face increas- 
ing competition, high customer expecta- 
tions, and higher operating costs, AVL can 
help them in a number of ways. 

Many fleets rely on tractors and trailers. 
Up to 30% of the latter are not in use at any 
one time as operators do not know where they 
are or have not been able to route them cor- 
rectly, In turn, drivers and tractors are not in 
use even though their costs are constant. 

A Dalatrak option allows a trailer mount 
to be fitted that transmits its location contin- 
uously, giving controllers complete control, 

Distributors are also concerned about lost 
hours while drivers wait to load or unload, 
Just-in-time delivery is increasing the need 
of better planning and, occasionally, just a 
ten-minute window for delivery is allowed, 

When controllers know exactly where 
their vehicles are, they can keep customers 
informed. Also, actual journey times and routes 
can be analysed, and, therefore, scheduling 
and routeing times better planned, 

Saving time and reducing costs is another 
benefit of AVL. Datatrak’s status keypad 
and VMU, combined with its standard sys- 
tem, significantly reduce the time spent talking 
to drivers, Research has shown this takes up 
to 30% af controllers" time. 














Passenger safety 

Public transport is a contentious area in which 
AVL is certainly useful, For example, the 
River Bus partnership, which operates a fleet 
of light boats between central London and the 
borough of Greenwich via the Docklands, 
uses Datatrak, 

Thanks to the status keypad, the opera- 
tors ean see where the boats are and how 
many passengers are boarding and disem- 
barking. Notonly does the system permit them. 
10 manage resources more effectively and ana- 
lyse historical data to aid forward planning. 
but passenger safety is also greatly improved. 

After the sinking of the Marchioness (a 
pleasure boat) on the River Thames in 1989, 
the British Government recommended that a 
system giving the positions of vessels and pas- 
senger data be introduced for river traffi 

As voice-based systems place too much 
responsibility with the driver and provide 
no historical data, the Royal Automobile 
Club (RAC) has decided to begin trials of 
Datatrak at its Walsall control centre in the 
English Midlands. The RAC dispatchers, who 
lake up to 500 calls an hour from motorists 
during rush hours. can see at a glance ex- 
actly where each of the 12 trial service vans 
is, rather than relying on their last conversa- 
tions with the driver. 

















Security applications 


Securicor, Datatrak's parent company, has 





been using the system from its inception, as 
have several tobacco companies. It has al- 
ready helped the police thwart a multi-mil- 
lion pounds tobacco robbery, and recently 
they were able to foil a thief attempting to 
remove £100 000 in cash from a security 
vehicle. 


Cursor technique uses VHF 

Datatrak is not the only pioneer of AVL in 
Britain. A Cambridge research astronomer 
has developed a technique that can locate a 
vehicle to within a few metres using local 
radio stations, Unlike conventional tech- 
niques, which require a network of dedi- 
cated transmitters or satellites, the Cursor tech- 
nique can use any existing source such as a 
lelevision or radio transmission. 

The inventor of the technique. Dr Peter 
Dulfeti-Smith of the Cavendish Laboratory!?? 
in Cambridge, has installed a prototype sys- 
tem in a motor caravan. He claims it can 
work at speeds of up to 112 km/h, "I can 
track my position to an accuracy of 5 m using 
BBC local medium wave radio", he said. 
By using VHF, he has tracked the progress 
of a man walking outside his laboratory to 
within 10 cm 

He first developed the technique when 
he needed to build a portable radio telescope 
working at 81.5 MHz. "At the time, it never 
occurred to me that it had a commercial use", 
he said. 

Although backed by venture capitalists 
Cambridge Research and Innovation, Dr 
Duffett-Smith has not yet found a company 
to build systems based on Cursor, but he is 
optimistic, “A commercial version could be 
available within a year", he n 
(1) Datatrak Lid, Hargreaves Road, Groundwell 
Industrial Estate, Swindon, England SN2 5AZ. 
(2) Dr Peter Duffeu-Smith. Mullard Radio 
Astronomy Observatory. The Cavendish 
Laboratory. Madingley Road, Cambridge, 
England CB3 OHE. 














CARD PAYME 





FOR TOLL BRIDGE 





cently became the first in Britain to use the 
GEC Imprint Magnetics Card (GIMCard) for 
the payment of tolls. This is a new applica- 
tion for the colourful plastic cards manufac- 
tured in the UK by GEC Card Technology 
Ltd. GIMCards are already popular with 
users of Mercury public payphones and many 
local authority Pay and Display car parks. 


GEC Card Technology Ltd 
Sertec House 

West Bromwich Road 

Tame Bridge, Walsall WS5 4BD 


MINIATURE CIRCULAR LATCHING 
CONNECTORS 





EWLY ayailable from Highland 
Elecuomech is the Belling-Lee family 
of miniature circular latching connectors. 
These connectors use a simple push-pull 
latching system and are availuble with from 
three fo eight poles. Current rating is 2 A 
and the connectors will withstand a test volt- 
ve of 1.5 kV AC for one minute without 
breakdown. EMI/RFI screened and moisture- 
proof versions are ineluded. 
Highland Electronics Lid 
Albert Drive 
Burgess Hill, England RH15 9TN 
Telephone (0444) 236 000 
Fax (0444) 236 641. 











NEW MINSQ 
ICROMATH has announced a new gen- 
eration of its scientific and engineer- 
ing software for the PC: MINSQ II, a totally 
re-engineered program for model develop- 
ment and parameter estimation. 

The predecessor to this product. MINSQ, 
has been in use by thousands of profession- 
als for almost five years in pharmacologi- 
cal, physical, electronic, mechanical, chem- 
ical and other demanding systems modelling. 
Many professionals use equations that de- 
scribe in one fashion or another a physical 
system. MINSQ takes these general equations 
und derives parameter estimates to reflect 
the behaviour of data collected from the real 
world, These models are critical in predict- 
ing how a system reacts to different forees 
or substances. 

MINSQ IL is up to 400% faster than the 
previous version, made possible by improved 
memory management. The program will au- 
tomatically sense extended orexpanded mem- 
ory and use it as needed. MINSQ II can prò- 
cess models with up to 50 parameters and 
up to 16 384 dala points. 

Current MINSQ owners may upgrade to 
the new product for $99. 

MicroMath Scientifie Software 
P.O. Box 21550 

Salt Lake Cily. Utah 84121, USA 
Telephone +1 801 943 0290. 

Fax +1 801 943 0299 
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SURFACE MOUNT SPDT SWITCH 
VANTEK has introduced a pair of low- 
costsingle-pole-double-throw (SDPDT) 

GaAs monolithic switches in plastic sur- 
face-mount packages, which operate from DC 
to 3 GHz. The MGS-70008 is a reflective 
switch, with the switched terminal in the 

















state terminated to ground; the MGS-71008 
isanabsorptive switch, with the switched ter- 
minals in the off-state terminated into an in- 
ternal 50 € load. In contrast to many mono- 
lithic RF switches, the new Avantek switches 
operate with full specified performance from 
5 VDC and may be operated from surces as 
low as 3.3 VDC 

Avantek Inc., 481 Cottonwood Drive, 
Milpitas, CA 95035-7492 

In Europe. phone 444 276 685 753. In 
Britain, phone (0276) 685 753. 








FULL-BRIDGE DRIVER CIRCUITS 
LLEGRO have introduced two new full- 
bridge pulse-width-modulation (PWM) 

motor-driver ICs, The new devices are de- 





ELECTRONICS SC! 


signed to operate at 50 Vwith continuous 
output currents up to 2 A (peak 3.5 A) 

Allegro Microsystems, Balfour House. 
Churchfield Road. Walton-on-Thames 
KT12 2TD; Phone (0932) 253 355. 








COMB GENERATOR 


The name of the test instrument described here is 
based on the frequency spectrum it produces. The 
circuit will be particularly valued by owners of 
(ex-surplus trade) spectrum analyzers, because it 
produces hundreds of harmonics of 1 MHz or 

10 MHz, of which the first 45 or so have the same 


output level within 3 dB. 


Design by J. de Belie 


Cc ING a filter between the output of 
the comb generator and the input of a 
spectrum analyser allows you to ascertain, 
and, if necessary, adjust, the filter charac- 
teristic, Similarly, the comb generator allows 
the frequency characteristic of an ex-surplus 
trade spectrum analyzer to be checked 





Basic operation 


A comb generator is basically a circuit that 
generates a very short pulse periodically. Its 
operation is predicted (or, if you like, con- 
firmed), by Fourier analysis. 

Assuming that a purely digital pulse is 
generated with a duty factor of 1% 
(ton/to=0.01), the amplitudes of the har- 
monics are weighted to (sin x)/x (sine roll- 
off). This means that 
- theamplitude of the first couple of har- 
monics will be 1% of that of the original 
pulse; 
the amplitude does not drop to: 

-1 dB up until the 26th harmonic; 
-2 dB up until the 37th harmonic; 
-3 dB up until the 44th harmonic; 
-5 dB up until the 55th harmonic; 
—10 dB up until the 74th harmonic, 





Theattenuation will be infinite (in principle) 
at the 100th harmonic, and multiples thereof. 
In practice, the deviation from the theoretical 
model is small (for a change), in particular in 
the HF section of the present generator, 


Circuit description 


The recently introduced family of AC (Ad- 
vanced CMOS) logic devices allows very fast 
pulses to be generated at relatively high out- 
put power levels. Here, the fundamental 
generator frequencies are 1 MHz (HF mode) 
and 10 MHz (VHF mode) 


HF pulse generator 

With reference to the circuit diagram in 
Fig. 1, when switch Si is set as shown, the 
VHF part of the circuit is disabled via gate 
IC2a, One section of dual decade ripple 
counter IC3 divides the 10-MHz clock signal 
by 10. The 1-MHz output signal is buffered 





Here's something to put your hair in order! Comb-type 
output spectrum from DC to about 1 GHz (VHF mode). 


by an ACL gate, IC2c, to make sure that the 
signal edges are sufficiently steep. The out- 
put of the buffer is loaded with an R-C net- 
work that results in 7.6-ns long ‘low’ levels of 
the 1-MHz (1 us) output signal. A further 
ACL gate, IC2d, is used to provide sufficient 
drive power at the HF output, K2. Capacitor 





Civin combination with resistors R13 and R14 
provides a termination impedance of about 
50 9. 

The use of AC logic means that the duty 
factor of the output signal depends to a small 
extent on the supply voltage and the ambient 
temperature. Fortunately, this does not seem 


to be a problem lor the first tens of har- 
monies, whose level was found to remain 
virtually constant. Here, a slightly higher 
than normal IC supply vollage is used 
(5.7 V) to keep duty factor reduction as small 
as possible. Remember, the speed of the 
gates increases. with the supply voltage, so 
that the duty factor would become smaller; 
this in turn would cause a lower pulse level. 

The -3 dB roll-off frequency of the HF 
section lies at about 50 MHz. The first mini- 
mum occurs at about 130 MHz. The output 
level. about -25 dBm, will be sufficient for 
most applications (in RF design, 0 dBm 
equals 1 mW into 50 £2). 

The level of the multiples of the second 
harmonic may deviate by a maximum of 
+3 dB. This effect may be reduced to a mini- 
mum by decoupling the 74AC11000 supply 
pins. If necessary, relocate Ci (a 1-4F tanta- 
lum capacitor) from ils normal position on 
the board to the underside, where it is sol- 
dered directly across the supply pins of the 
74AC11000, 


VHF pulse generator 
When VHF mode is selected with switch St, 
divider ICs is disabled to prevent subhar- 
monics occurring in the output spectrum. 
The clock buffer is followed by a fast switch- 
ing transistor Type BSX20 (T1), which is 
operated in class C. The transistor stage pro- 
duces a 10-MHz output signal with a power 
of about 50 mW. The transistor drives the 
pulse shaper proper via an inductor, L1 

An old trick is rehashed to generate a 
pulse with a very short, accurately defined, 
length, Here, 1 ns (1%10” s) is required. The 
pulse shaper is formed by a short-circuited 
length of 50-2 coax cable plus a fast diode. 
The length of the coax cable is calculated 
from 

1a 0.6 3x10" - 1x10" = 009 m. 
in this equation, the factor 0.6 is the velocity 
factor of the coax cable, and 3x10" is the 
speed of light in a vacuum 

A number of diodes were tried out in po- 
sition Di. Remarkably, the inexpensive and 
fairly common Type BA482, a VHF band 
switching diode, was found to give the best 
results 

The output level of the VHF section is 
about 20 dBm. This level drops by -2 dB at 
about 200 MHz, and by —8 dB at about 
400 MHz. The first minimum occurs at about 
1 GHz, the second at 2 GHz, ete. This means 
that no further filters are required to prevent 
base line shift when the comb generator is 
used with the popular HP8551 spectrum 
analyser. 








Construction 


The repeatability of the circuit is pretty goad 
when constructed on the printed circuit 
board shown in Fig. 2. All parts are fitted 
with the shortest possible lead lengths. The 
metal film resistors are preferably from the 
SFR25 series (Philips Components). All non- 
electrolytic capacitors are ceramic types, al- 
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Fig. 1. 


Circuit diagram of the comb generator. The 1-ns pulse shaper in the VHF section is 


formed by a piece of coax cable and a fast switching diode. 


though MKT or polycarbonate will also 
work for the larger values (47 nF and 
100 nf), 

Do not use sockets to fil the ICs, and take 
care not to overheat the trimmer and the 
quartz crystal when soldering. The centre 
pins of the BNC sockets, Ki and K2, are sol- 
dered directly on to the board, and the 
threaded parts of the shafts are secured to 
the PCB with a clamp. 

The coax stub is cut to a length of 9 em 
One end is short-circuited, the other sol- 
dered to the points marked 'K3' on the PCB 
(the coax braid is soldered direct to the PCB 
ground plane), 

The inductor, Li, consists of 9.5 turns of 
1 mm dia. (SWG20) silver-plated wire. The 
inductor has an internal diameter of about 
21 mm, and is conveniently wound on a tube 
lighting starter. Wind the 9.5 turns close- 
spaced, and remove the former you have 
used. Next, draw out the coil, and spread the 
turns evenly (introductory photograph). A 
tap is made at 3 turns from one side, Solder 


the inductor on to the PCB, and correet the 
spacing if necessary. Make sure that the 
turns can not touch the ground plane at the 
component side of the board, and fix them 
with a small amount of candle wax 

The circuit must be screened all around 
by a 25-mm high piece of tin-plate. The 
shape of the screen is indicated by the dashes 
on the printed circuit board. Drill an 8-mm 
hole to enable the coax stub to pass through, 
and two 9-mm holes for the BNC sockets. 
Solder the screen securely to the board with 
the aid of a powerful soldering iron. The 
screen and the PCB together form à box, for 
which a lid is easily made from a 75x95-mm. 
piece of tin plate (bend approx.2.5-mm atthe 
four edges to enable it to be clamped on to 
the screen on the PCB). The lid is drilled to 
hold the HE/VHF switch. The positive 
power supply connection is preferably made 
via a 1-nF feedthrough capacitor fitted into 
one of the sides of the box. The unit thus 
made may be fitted into another, larger, en- 
closure that may also contain the 15-V power 
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Fig. 2. 


supply. Alternatively, you may want to fit 
the PCB into a diecast (Eddystone) enclo- 
sure, from which the BNC sockets protrude. 
The unit must be powered by a regulated 
15-V source, A ‘classic’ supply based on the 
7615 will be adequate for this purpose. Cur- 
rent consumption is smaller than 50 mA 


Double-sided printed circuit board design for the comb generator. 


Adjustment 


The adjustment of the comb generator is 
straightforward, and involves only one trim- 
mer. Connect a spectrum analyzer to the 
VHE output, and peak C12 for highest signal 
level. Lacking a spectrum analyzer, connect 


COMPONENTS LIST 


Resistors: 

2 479 RIRI 

1 1500 R2 

2 1000 R4;R6 

1 680 R5 

2 tk RzR1i2 

1 220 RS 

| 2k02 R9 

1 ima R10 

1 10k R11 

1 1200 R13 

1 820 R14 

Capacitors: 

1 1pF 15V tantalum Ct 

2 10uF25V C2.c3 

5 4T7nF ceramic C4.C5,C7, 
C14;C17 

1 10pF 16V c6 

2 150pF ceramic C8;C11 

1 1nF ceramic c9 

1 10nF ceramic c10 

1 100pF trimmer c12 

1 B2pF ceramic cia 

2 39pF ceramic C15:CI6 

1 15pF ceramic C18 

1 100nF ceramic cig 

1 TuF 16V radial C20 


Inductor; 

L1 Made from 1-mm dia, (SWG20) 
silver-plated wire; for construction 
details see text. 


Semiconductors: 

1 BA482 Dt 
1 1N4148 b2 
1 BSX20 Tt 

1 7805 I&i 
1 74AC11000N 1c2 
1 74HC(T)390 ica 
Miscellaneous: 


2 BNC socket KiKa 
10cm RG58 50€? coax, velocity factor 0.6 
1 miniature on/off switch $1 

1 10MHz quartz crystal xt 

1 Printed circuit board 920003 











an oscilloscope via a 10:1 probe to the collec 
tor of Ti (test point '1), Adjust Ci? for best 
sine shape and highest amplitude of the 
In most cases, this adjustment 
will be entirely although the 
trimmer may have to be set to a slightly 
larger capacitance afterwards to compensate 
tance. 


waveform 


satisfactory 





the probe ca 

Finally, for advanced users: if you require 
a smaller frequency interval, change the di- 
visor (ICs; VHF output), or (be ange 
the crystal frequency. In most cases, it will 
also be necessary to change the pulse dura- 
tion appropriately 
output level will almost certainly drop. 
, that although increasing the 
ps the output power atthe 








if this is not done, the 


Note, howeve 
pulse duration 
old level, it lowers the maximum usable fre- 








queney E] 
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The well-known ICL7106 
A-D converter IC has been 
with us in many 
generations of digital 
multimeter. A special 
version of it, the ICL7109, 
offers the same accuracy, 
comes at a low price also, 
but sports a parallel 
interface instead of a 
7-segment driver. The 
1CL7109 requires only a 
handful of components to 
build a versatile measuring box with an RS232 interface that 
is easy to manage thanks to some hardware tricks. 
Software for IBM PCs and compatibles is available to 
control this unit, which is basically a multiplexed A-D 
converter with an RS232 interface. 


Design and software by Ing. B.C. Zschocke and A. Arnold 


HE concept of the circuit is illustrated in 
the block diagram in Fig, 1. At the left 
are three input blocks with low-pass filter 
characteristics, marked HI’, HI and LO. The 


HI and LO blocks represent eight input 
channels, each of which can be selected indi- 
vidually by the block marked ‘select’. The 
part behind the input selection circuitry 















POWER 
SUPPLY 


PARALLEL 
TO 


CONVERTER 





SELECT 














Fig. 1. 
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Block diagram of the RS232-controlled A-D converter. 












MAIN SPECIFICATIONS 


For every PC with a serial port 
* 16-channel input multiplexer 
* 12-bit A-D converter 


* Powerful graphics-based 
menu-driven control software 


* Based on inexpensive ICs 
Powered by PC 





allows switching between the HI’ (direct) 
input and the switchable inputs. 

The A-D (analogue-to-digital) converter 
behind the input circuitry supplies its digital 
output data to a parallel-to-serial converter 
via a parallel bus. Unusually, the output in- 
formation of the format converter is con- 
nected the CTS (clear to send) handshaking 
line of the RS232 port, rather than the RxD 
(received data) line. This arrangement re- 
sults in a much simpler control of the 
measuring box than would be possible if the 
RxD line were used 

The circuit is powered by the RS232 port 
on the PC. The power supply block shown in 
the diagram provides a regulated output 
voltage of +5 V for the converter, and +12 V 
(approximately) for the serial interface 


Connection problems 


The serial (RS232) intertace is used here be- 
cause the parallel (Centronics) interface can 
not furnish enough current to power the 
RS232 A-D converter. Furthermore, in most 
cases it is easier to find a free serial port ona 
PC than a free Centronics port, while the use 
ot longer cables is also a boon. On the down 
side, a serial link is much slower than a par- 
allel link, so that relatively slow ADCs can be 
used only. Fortunately, this is not always a 
disadvantage, because slow but very accur- 
ate ADCs are inexpensive and widely avail- 
able. Also, it is not always necessary to 








TEST AND MEASUREMENT 


sample slowly varying measuring quantities 
at kHz rates. 

The ICL7109 ADC used here differs from 
the ubiquitous ICL7106 by the digital inter- 
face only. The input circuitry is almost ident- 
ical for both ICs. 

Interface parameters can be a real prob- 
lem when implementing an RS232 link and 
keeping to the standards. For instance, the 
link will work correctly only if the transmit- 
ter and the receiver are set to the same data 
format (number of data bits and start/stop 
bits), but also to the same data rate (in bits 
persecond, orbaud). Many of you will know 
the difficulties and frustrations in setting up 
a serial link, with obstacles such as DIP swit- 
ches, configuration files, MODE commands, 
and long series of parameters. 

Here, the RS232 link is used in a non- 
standard way to avoid some of the problems 
mentioned above. Data is conveyed via CTS, 
and clocked by another handshaking line, 
RTS (ready to send). Four good reasons can 
be given for this choice: 


- Thecontrol software determines when 
and how fast data is conveyed. It js not 
necessary to configure the serial port. 
This is particularly attractive when the 
interface is used for several different pe- 
ripherals. 

- Conveying data via a ‘standard’ RS232 
link requires either special interfacing, 
circuits with internal or external oscilla- 
tors, or complex discrete alternatives. 
The AD232 board can be linked to inter- 
faces that are not fully RS232 com- 
patible, or directly to a microcontroller. 
The component count is quite low, 






Details 


The circuit diagram is given in Fig. 2. A 
quadruple opamp, ICe, forms the RS232 in- 
terface, Circuits IC4, IC? and ICs form a 
simple input multiplexer, IC1 is the ADC 
proper. The two 74HCT166s, IC2 and ICs, 
form a 16-bit shift register for the parallel-to- 
serial conversion. The four XOR gates in the 
74HC02 package, ICs, control the timing, of 
the A-D conversion, and generate a clock sig- 
nal for the shift registers. 

The power supply takes its input voltage 
from the RS232 interface in the PC, and pro- 
vides the stabilized +5 V rails for the conver- 
ter circuitry. The — analogue-to-digital 
conversion starts when a level transition is 
detected at the RTS input. Opamp ICba 
makes the RTS signal TTL compatible, and 
its output signal causes bistable ICsc-ICsa to 
toggle. The high level at pin 10 of ICs triggers 
the A-D conversion in IC. When the conver- 
sion result is available, the ICL7109 supplies 
a LOAD signal to the shift register, IC2, via 
gates ICsa and ICsb. First, the high (most sig- 
nificant) byte is loaded into IC5, then the low 
(least significant) byte into ICs. The signals 
HBEN (high byte enable) and LBEN (low 
byte enable) are treated in an unusual man- 
ner here. When low, these signals switch the 
associated register from shifting to loading. 


Because HBEN and LBEN can never be low 
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at the same time, and the clock inputs of the 
registers are interconnected, this results in 
the shift registers being in opposite mode all 
the time, ie, when one loads, the other 
shifts. This has no significance tor the load- 
ing of the high byte, while the high byte is 
shifted one position in IC3 during loading 
Bits 7 and 8 in the high byte, which are not 
used by the converter, are made perma- 
nently high. This is done to bring about a 


Fig. 2. Circuit diagram of the measurement system. The two input multiplexers are optional, P. 


level change on the CTS line after the shift- 
ing, when the low byte is loaded. This 
change can be used as an interrupt request in 
the PC, or as a 'conversion ready' status sig- 
nal when the CTS line is ‘polled’ (i.e., con- 
tinuously monitored). 

Before the software can read the content 
of the shift registers with the aid of 16 clock 
pulses on the RTS line, it js necessary to wait 


1.5 clock cycles (about 30 us) for the LBEN 
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;onstructed on separate printed circuit boards. Note that the entire circuit is powered via the RS232 link to the PC. 


signal to return to high. This time can be 
used, for instance, to switch the multiplexer 
to the right channel. 

The function of the bits in the datastream 
is shown in Table 1, The first clock pulse sets 
bistable ICs-ICsd. This causes the RUN 
input to return to logic high, whereupon the 
A-D converter starts a new conversion cycle. 
The bistable is reset by a high level on the 
status line of IC1 (pin 2). The high level at the 


ELEKTOR ELECTRONICS APRIL 1992 





serial input of the low-byte shift register en- 
sures that the output returns to high (-12 V 
on the CTS line) after the value has been 
read. 


The ICL7109 


The ICL7109 is a low-cost 12-bit dual-slope 
A-D converter with additional polarity and 
overflow outputs. Figs. 3 and 4 shed light on 


the operation of the digital part of the con- 
verter. First, Fig. 4: the upper signal repre- 
sents the voltage at the capacitor (C3; the 
component numbers in brackets refer to the 
actual circuit). Below, some signals of the 
ICL7109, the internal clock, the clock signal 
of the output latch, the status output and the 
RUN /Hold input. 

The conversion is started when a high 
level appears at the RUN input. During the 
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Fig. 3. 


conversion, the status output is held logic 
high. First, the integrator capacitor (C3) is 
charged with a current, I, 


k= (ig = Uro)/ Ry 


This takes 2,048 internal clock cycles (oscilla- 
tor frequency divided by 58). Subsequently, 
C3 is discharged with a constant current, la, 
that is proportional to the input voltage: 





la = Ursi R8. 


During the discharging, the number of inter- 
nal clock pulses is counted. The first leading 
edge of the internal clock that occurs after the 
capacitor voltage drops below 0 V causes the 
counter state to be transferred to the output 
register, Next, the status output changes 
from high to low, and so indicates the end of 
the conversion, Thus, we have: 


Timing diagram of the data and command transfer protocol used. 


counter state = 2,048 Ll; / Uii. 


If the RUN input remains high during the 
conversion, a new conversion cycle is started 
alter the aulo-zero phase. Conversely, il 
RUN remains low, the new conversion starts 
7 internal clock pulses after a new high level 
is present. 

Figure 3 illustrates the handshaking of 
Ihe ICL7109 with the external circuits, when 
the Mode and Sense inputs are held logic 
high. To the signals shown in Fig, 4 are 
added LOAD, HBEN, LBEN and the data 
lines. A low level on HBEN signals the 
presence at the output of the high byte of the 
counter state and the status signals Overrun 
and Polarity. The high byte can be copied on 
the leading edge of the LOAD signal, The 
subsequent transfer of the low byte is simi- 
lar. 























Table 1. Overview of bit functions in 
dataword (16 clock pulses) 
Clock on RTS Function 
1 Overrun (OR) 
2 Polarity (POL) 
3 B12 
4 B11 
5 B10 
6 B9 
7 High 
8 B8 
9 B7 
10 B6 
11 B5 
12 B4 
13 B3 
14 B2 
15 Bi 
16 High 





The input of the ICL7109 may be con- 
sidered symmetrical within the bounds ol 
the supply voltage, and has an input resist- 
ance of the order of a few giga-ohms. To 
make sure that sufficient charge reserve is 
available for the switches in the analogue 
part of the converter, the voltage source to be 
measured must be buffered by a low-loss ca- 
pacitor. This means that capacitor Ci must 
be connected in parallel with the two inputs 
when measurements are made without the 
multiplexer. This is achieved by fitting jum- 
per J4. For measurements on symmetrical 
voltages, the voltages (with reference to 
ground) at the two inputs must lie within the 
bounds of the supply voltage of the ICL7109. 
For asymmetrical measurements, the LO 
input can be tied to ground by fitting jumper 
Ji. Resistor Ri prevents discharging via the 
measured voltage source. 





More inputs, more channels 


A multiplexer is provided for those of you 
who want to measure more than one Voltage 
source. The multiplexer consists of IC7 for 
the selection of the Hi line, and ICs for the se- 
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Fig. 4. 


1CL7109 analaogue-to-digital conversion timing. 
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CONST 
PosOvereMaxTat: ps 


s. overflow | 
overflow ) 





tiegOvo r-MaxInt; D 


VAR 
S10Adr:Word: | te be assigned with 8250 base addrgaa | 





| set channel for next conversion: | 


PROCEDURE SetChannel (Channel -Byte) ; 
const 
PulseBytes:ARRAY|1..5] OH 


10,14,51,21,88); | -> 1 — 5 pulses te TH | 





PROCEDURE WaitTx: 






ansmit shift register is Free | 
[SIQdr«8] AND 32€20; 











seBytes[5] 
seBytesichannel-5] ; 


| 1 charact 





required? | 


Adr] ==PulseBytes [Channel 





pulse for Channel 0 | 


l only when conversion is ready !!| 


: DX at SIO-Port ) 
and on Modemctrl there | 





; DTR complementary iow | 
set lines | 


allow Jewels | 
settle ] 





amd restore | 
DTR complementary high | 
reset limes | 

; ensure | 

i smallest pulse length | 





pass dummy after 7 clocks | 





; DX to Modemstatus | 
ad status bits | 

ift CTS bit intà carey | 

; observe Enverting | 









501/5037 shift intó result | 
$2B/$D6/ DX back ta Modemctzl | 
SPE/SCD/ dnos. ; outer loop counter } 
$75/$D8/ 

$D1/$EB/ ; shifted once too many | 





i 
[ 
' 
' 
i 
1 
1 
$80/5F7/5107 ( ; change sign | 
SFE/SCT/s20/ i f overrun set? | 
í 
i 
1 
t 
í 
1 
t 
i 











$75/5007 
$E6/$C7/510/ 
$74/516/ 
$80/5E7/510/ xor bh, 10h z yeas clear Pol-Flag | 
SF7/8D8/ neg be and form 2's complement | 
/S0F/590/ jme QWErg i 
/3C7/ $10. Gover: teat bh, 10h ) 
75/506/ joz Goneg 
SBB/»PosOver/ mov bx, Pasover pos. overflow | 
38B/$04/530/ jme @WEre 1 
388/>Negover/ (GoWeg:moy be, Neqaver constant neg. overflow | 
$09/$5E/SFE) : lüWEzg:mov Breselt;bx function result = BK | 


END: 
| check if a valid result is available: | 


FUNCTION AD; 





_Ready: Boolean 
BEGIN 





E Ready :=Port [STOAGr+6) AND 16<>0: 
BND: 





| Tnitialisation of eréated when AD232 iy oot found! | 








PROCEDURE, 
VAR 

Dumny:Integer: 
BEGIN 

Port [STOAdE+4] :=2: | pniy DIR lew | 

Delay (1001; | aiiow supply. voltage to stabilize 






REPEAT UT. 





L AD232 Ready: | Wait for first result ) 


eadan [ES result | 














Fig. 5. A ‘bare bones’ control program for the converter (Pascal with in-line assembler). 
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AD232 CONVERTER 





lection of the Lo line. Both are controlled by 
IC4, which counts the clock pulses on the Tx 
line. To select a channel, the software puts 
certain characters on the Tx line, such that 
the total number of clock pulses corresponds 
to the desired channel (see the programming 
example 'setchannel' listed in Fig. 5), The set 
baud rate is irrelevant, but the (rarely used) 
parity function must be taken into account, 
To ensure a fixed starting configuration, the 
counter is automatically reset to channel 1 
alter each conversion. 

When the multiplexer is used, capacitor 
Ci must be disconnected from the input (J4 is 
not fitted), and the ground reference must be 
raised (Ji is not fitted). Capacitors C24-C3) 
and C3-C43 then take over the function of 
Cc 


COMPONENTS LIST 








17 10M2 R1;R24-R39 
3 22kQ R2;R3;R22 
1006 R4;RS;RS;RTA 

6 100k R6;RT0;RTT;RTS: 
Rt R19 

2 180k2 R7;R12 

2 390kQ R&R13 

1 270k R17 

1 220kQ R18 

1 68kQ R20 

1 2k02 R21 

1 27k R23 

1 2k@multiturn preset P1 

1 1M9 multiturn preset P2 

Capacitors: 

19 100nF C1;014;C15; 
C18-C43 

3 WF ca 

1 220nF ca 

1 330nF G4 

2 4uF76V3tantalum — C5:C6. 

2 100pF C7,c9 

2 inF C8;C10 

1 12nF cn 

2 220pF 16V radial C12;C13 

2 47\F 16V radial C16;C17 

Semiconductors: 

11 184148 Di-D11 

1 greenLED D12 

1 BF245B Ti 

1 BC550C T2 

2 BC560B TS3;T4 

1 1CL7109 ict 

2 74HC166 Ic2ic3 

* 74HC161 Ic4 

2 74HCO2 Ics 

1 LM324 Ice 

2 4051 IC7;c8 

Semiconductors: 

1 9-way PCB-mount female 

sub-D connector Ki 

2 16-way pin header K2:K3 

1 3-MHz quartz crystal xt 

1 Printed circuit board 920010 

1 Control program on disk ESS1681 








A TEST AND MEASUREMENT 


The multiplexers also allow symmetrical 
measurements to be made within the bounds 
of the converter's supply voltage. When 
asymmetrical measurements are performed, 
the inputs of multiplexer IC9 must be tied to 
ground, for instance, by fitting jumpers on 
header K3, 

Unfortunately the 405] and the high con- 
verter input resistance of the converter intro- 
duce an offset voltage that differs fram 


channel to channel. Although the asymme- 
trical construction reduces the effect of the 
offset toa minimum, it can not be eliminated 
completely. For very accurate measure- 
ments, this means that the multiplexer must 
either not be used, or replaced by one with 
better specifications. For ‘everyday’ use, 
however, a correction in software of the 
measured voltage with the aid of a zero cali- 
bration is perfectly adequate. 


RS232 level changer 


The four opamps in ICé.are used as voltage 
level converters. Actually, they function as 
inverting switches, and so provide the in- 
verting function defined in the RS232 « 
ard. Diodes Di-Ds and resistors Rio and Ris 
limit the signal to +5 V and ground. R-C 
combinations Re-Cs and R14-C10 ensure that 
the input capacitances formed by ICs and ICs 
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Fig. 6. 


Single-sided printed circuit board (track layout and component mounting plan) for the AD232. 
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[TET 
(P)rotucol 


(Display 


Menu config / Cha 


Range 

Logarithmic 

Erase memory 
F1=inde: 


P 





need not charge via R10 and Ris, and so re 
duce the effects of the relatively low slew 
rate of the opamps. Opamp IC is not 
strictly required for the correct function of 
the circuit. However, fit jumper J2 if you 
wish to feed the ‘end of conversion’ signal to 
your PC via the RxD line (for use with an ap- 
propriate interrupt routine) 


Power supply 


^s already mentioned, the AI 
powered by the RS23: 
it is connected to, The minimum require- 
ment for this to be achieved is that the PC 
holds one RS: line at «12 V 
12 V. Since the TxD line is at 





board is 





port of the computer 


and another at 

12 V when it 
is not active, the «12 V supply will have to be 
supplied by the RTS and/or the DTR line 
Diodes De-Di1 and capacitors C12 and C13 





add and buffer the line levels to provide two 
discrete regulators with their input voltages. 
The voltage across the capacitors is also used 
to power the quadruple opamp. By omitting 
jumper JP3, the loading of the interface can 
be made as small as possible, if it can not 
supply enough current 

The voltage regulators in the +5 V supply 
are low-drop, high efficiency, types built 
from discrete components. The negative 
regulator consists of a pseudo-zener diode 
with a series transistor formed by T3 and a 





green LED, Diz. Adjustment of the negative 
output voltage is not necessary because the 





A-D converter has a fairly large negati 
voltage range. Not so with the positive su 
ply, where the pinch-off voltage of a FET 
Although this volt- 
e is reasonably stable, it has a fairly high 
device tolerance, and needs to be adjusted 
with the aid of P2 
tion against overvoltage as a result of an in- 
correct adjustment is not provided. This 
means that the wiper of P2 must be turned to 
ground before calibrating the AD232 board. 





serves as the reference, 





To save on parts, protec- 
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Multimeter 
LC )onf igueation 


This menu arranges all settings for 
the displaying of the measur 
values on the selected channel 


| lower bound 


(M) iscel lane (Edad 


ment 


Unit 

Symmetrical 

Hold 

Settle 

PgDn 
409.6m | 








The +5-V voltage must be adjusted with the 
nominal load connected 


Construction and adjustment 


The single-sided PCB designed for the circuit 
is shown in Fig. 6. The construction will be 
mostly plain sailing. The multiplexers are 
built as separate units, and connected to the 
ADC proper in accordance with the compo: 
nent overlay. The HI’ input serves for initial 
tests without the multiplexer. It is important 
to ensure adequate screening, of all signal 
lines—remember, the high input resistance 
makes the circuit sensitive to noise, Hum 
suppression will be optimum when a quartz 
crystal of 2.969600 MHz is used. Untortu- 
nately, this is not a standard frequency 
whence the use of a 3-MHz crystal here 

The adjustment of the ADC by Pi de- 
pends on the application. In principle, the 
fine adjustment can be done by program- 
ming, The external circuitry around the ADC 
is designed for a maximum input voltage of 
about 400 mV. For other voltages, R3 must be 
changed 





R37 Usa /20 uA 


The reference voltage, Us, should be a 
little higher than Umas/2, because the ĉon- 
overflow 


verter. when 


ul 


produces an 
22Llw. 

Connect the AD232 board to the PC, and 
advance preset P2 slowly until the positive 
regulator supplies 45 V 





The software package 


Although the routines listed in Fig. 5 can be 
expanded into a full-blown control program 
for the AD232 board, you will be pleased to 
know that such a program is available on a 
disk supplied that can be ordered through 
our Readers Services (order code 1691). 





(oM 


completely 





4D232 CONVER’ 


This program is 
driven, runs in colour, accepts mouse as well 
as keyboard control, and is written to run on 
IBM PCs and compatibles, from XTs to 486- 
based machines. A colour video card (EGA 


menu- 


or VGA) is not strictly required, although 
you will miss a lot of the presentation 


graphics’ power when have 


chrome video only 


you mono- 


Installation 

The program can be run from floppy disk or 
hard disk. When it is run from floppy disk, 
make sure the write protection is removed. 
because the program writes a contiguration 
file on the disk. An installation proper is not 
required—simply copy all files to 
working disk, or to the hard disk 


your 


Running the program 
The AD232 control program is started by 
typing MULTI from the DOS prompt. First 
go the (M)iscellaneous option, and select the 
serial port to which the AD; 





2 board is con 
nected. On leaving this menu, the voltmeter 
should work, indicating the voltages on all 
eight channels by means of horizontal bars 
and an absolute readout, (see Fig. 7). When 


fewer than eight channels are used, the 





screen is automatically enla 


Options (configuration menu) 
The channel 
switching on and off. Measuring range: 
multipliers and units (mV; V, etc.) can be 


settings are not limited to 





taken into account in the graphics readout 
The bar that indicates the magnitude of the 
measured volte can be asymmetrical or 
symmetrical, and linear or logarithmic. Use 








'symmetrical' for measured quantities that 
can go positive and negative. The menu also 
includes program options for offset calibra- 
tion and à smoothing (delta) factor to stabi 
lize the display 


Protocol 

Apart from being shown on the screen in the 
form of horizontal bars, the measured values 
may also be sent to a file or an output device 
such as a printer. All output is in straight 
ASCII toa simple protocol, which makes fur- 
ther processing by other software easy 


Extras 

All screen elements (text. highlighted text 
borders, background) can be displayed ina 
number — of 
(VGA/EGA). Irrespective of your wherea- 
bouts in the program, a scientific (UPS com- 


user-selectable colours 


patible) desktop calculator and context 
sensitive help are always to hand. The help 
texts used in the program are stored in a file 
called MULTLHLP, which is generated by 
adding WINHELP.TXT and MULTI- 
HLP.TXT on the diskette, as explained in 
README.DOC. All files and menus are in 
English a 





GENERIC ARRAY LOGIC (GAL) 


based on an original article by D. Gembris 


nthe development of Programmable Array 

Logie (PAL) devices, the design target 
was to make available to the user/designer 
as many ‘free’ logic gates on the device as 
possible, Lattice Semiconductor Corporation 
has further developed the device into the 
Generic Array Logic—GAL. In essence, 
both devices are electrically erasable CMOS 
memory ICs that provide the user with re- 
configurable logic and bipolar performance. 
This makes the GAL suitable for a wide va- 
riety of applications, Note that à PAL IC can 
be programmed only once, whereas a GAL 
IC can be programmed time and again.This 
makes the use of GAL ICs much more cost 
effective than PAL ICs. 

The internal design of GALs is pràcti- 
cally identical to that of PALs: both devices 
have a large programmable AND matrix to 
which a number of fixed OR gates may be 
connected. The connections berween the 
AND and OR gates are made in silicon. In 
contrast, a PROM (Programmable Read Only 
Memory) has à fixed AND matrix and pro- 
grammable OR gates. 


The design 


The availability of EEPROM (Electrically 
Erasable Read Only Memory ) ICs was of fun- 
damental importance in the development of 
GAL ICs. Apart from being erasable and re- 
programmable, the GAL ICs from Lattice 
are guaranteed for a minimum of 100 era- 
sure/write cycles with data retention up to 
20 years 

To further make the user's life easy, GAL 
ICs have provision for an individual 'signa- 
ture’ of up to eight bytes. This may be used, 
forinstance, to give the device a specific code. 

Like PAL devices, GAL ICs can be pro- 
tected against unwanted reading by actuat- 
ing à specifie cell (through the software), It 
must be said, however, that this protection 
is much more effective in PAL than in GAL 
devices. This is because the fusing of a link 
ina PAL IC is permanent, whereas ina GAL 
IC it can be erased. after which the device 
can be reprogrammed or read. 

The logie diagram of a Type 16V8 GAL 
IC is shown in Fig. | and that ofa Type 20V8 
in Fig. 2, Each type has 8 programmable 
output logic macrocells (OLMCs) that allow 
the user to configure each output as desired. 
The figures in the type numbers refer to the 
design: the first, 16 or 20, is the number of 
inputs, and the second, the numberof outputs. 

The following data refer to the 16V8 (see 
Fig. 1). The eight inputs (pins 2-9) are avail- 
able at the AND matrix in either original or 
inverted form and thus give rise to 16 
columns.The other 16 columns are con- 
nected to the outputs, which are also in- 
verted or non-inverted. There are thus a total 








of 32 signals available- 

When the IC is erased, there is no contact 
between the 64 rows (eight OR-gated rows 
per output) and the 32 columns. Therefore, 
changes at the inputs have no effect on the 
outputs, Only when programming is begun 
will the connections be restored. Each con- 
nection represents an AND gate. 






Output Logic Macro Cells 


The key to the universality of GAL ICs lies 
in the output logic macro cells (OLMCs). The 
design of such a cell is shown in Fig, 3. The 
distinct configuration of an OLMC is laid 
down in an Architecture Control Word (see 
Fig. 10), Bits SYN, ACO and AC I(n) deter- 
mine the status of the output of the cell, The 
SYN and ACO bits take effect on all outputs 





Fi 





. 1. Logic diagram of the 16V8 GAL IC. 


simultaneously, but the ACI(n) bit ean be 
set for each output individually. Because of 
this, only two of the four possible configu- 
rationscan be realized ina GAL IC atthe same 
time as shown below. 


Normal output —S Y N=) ;ACO=0; AC 1(n)=0 
(Fig. 4). 


Three-state output with disable via a prod- 
uct term and output return. Of the eight rows, 
only the lower seven are OR-gated, while 
the eighth determines whether the result will 
be shown at the output or not. SYN=0 or 1; 
ACO-1; ACI(n)-1 (Fig. 5). 


Three-siate ouput with disable, output return 
and register. The result will be at the output 
only when a clock pulse is applied to pin 1 
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Fig. 2. Logic diagram of the 20V8 GAL IC. 
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Fig. 3. Output Logic Macro Cell of 16V8 GAL IC. 
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(CLK) and pin 11 is low. SYN=0; ACO=1; 
AC1(n)=0 (Fig. 6). There are two possible 
versions of this output (see Fig. 7) 


Input: SYN=1; ACO=0; AC I(n)=1 (Fig. 8). 


Programming 


Apart from the supply line connections, each 
pin of aGAL IC has two different functions. 
Which function is active depends on whether 
the IC is being programmed (Edit mode) or 
operates in normal mode. The pin functions 
of both the 16V8 and the 20V8 are shown in 
Fig. 9: the inner ones give the Edit mode func- 
tions and the outer ones, the normal operat- 
ing functions, In the Edit mode, which is set 
by applying 16.5 V DC to pin 2, the IC can 
be read, programmed or erased. 

A GAL IC is internally divided into 64 
rows, as shown in the row address map in 
10, There are 36 unique row addresses av: 
able to the user when programming the de- 
vice 

Row addresses 0-31 each contain 64 bits 
of input term data. This is the user array 
where the custom logic pattern is programmed, 
Row 32 is the electronic signature word. Tt 
has 64 bits available for any user-defined pur- 
pose. 

Rows 33-59 are reserved by the manu- 
facturer and are not available to the user: 

Row 60 contains the architecture and out- 
put polarity information. The 82 bits within. 
this word are programmed to configu 
device foraspecific applicauon—see Fig. 

When row 61 (security cell, see Fig. 10) 
is programmed, the enabling array is disabled, 
preventing further programming or verifi- 
cation of the array. 

When row 63 is addressed during a pro- 
gramming cycle, the entire array and the ar- 
chitecture programming word are erased. 














The outputs of the AND array are fed 
into an OLMC, where each output ean be 
set individually to active high or active low 
with combination (asynchronous) or regis- 
tered (synchronous) configurations respect- 
ively, A common output enable can be con- 
nected to all outputs, or separate inputs or 
product terms can be used to provide indi- 
vidual output enable controls. 

The various configurations of the OLMC 
are controlled by programming cells SYN, 
ACO, ACI(n) and the XOR(n) polarity bits 
within the 82-bit architecture control word 
(see Fig. 10). 

The SYN bit determines whether or not a 
device will have registered output capabil- 
ity or will have purely combinational outputs. 
It also replaces the ACO bit in the two out- 
ermostmacrocells, OLMC( 12) and OLMCI 19). 

Architecture control bit ACO and the eight 
AC I(n) bits direct the outputs to be wired 
always on, always off (asan input), have com- 
mon OE control (pin 11), or to be three-state 
controlled separately from a product term. 
The architecture control bits also determine 
the source of the array feedback term through 
the FMUX, and select either combinational 
or registered outputs. 





The five valid macro cell configurations 
are shown in Fig. 4-8, In all cases, the eight 
XOR(n) bits individually determine each 
outpur's polarity. The truth table associated 
with each figure shows the bit values of the 
SYN, ACO and ACI(n) that set the macro 
cell to the configuration shown. 


If à product term is allocated a 0, it is ig- 
nored during the OR gating. The product 
term censures PAL compatibility. even with 
older PALs that have fewer than 64 product 
terms. PAL listings are transformed into 
GAL listings. 


The rows are addressed by means of an 
internal shift register. The transfer protocol 
is 
Pin P/V: | = writing; 0 = reading 
RAGO-5: row selection. 

STR, SCLK, SDOUT: 

reading — the shift register is loaded with an 
STR pulse and the data are read by a clock 
SCLK at SDOUT; 

writing — the data at SDOUT are clocked into 
the shift register with SCLK, whereupon the 
selected row is written into with a 10 ms 
STR pulse. 

Jump to RAGO-S as long as no registers are 
being read or written to. 

Compared with that of PALs, this proto- 
col is trivial. This is one of the reasons thal 
GALs have become inexpensive and this in 
turn has contributed to the wide use of these 
devices. Of late, some other manufacturers 
have also entered the GAL market, particu- 
larly SGS-Thomson and AMD. The latter 
bring out their GAL ICs under the name 
PALCE. 






Row address map description 


Details of the various row addresses are 
given below. 


Electronic signature word 

Anelectronic signature word is provided with 
every GAL 16V8 chip. It resides at row 32 
and contains 64 bits of reprogrammable mem- 
ory that can contain user-defined data. The 
signature data is always available to the user 
independent of the state of the security cell 


Architecture control word 

Alltof the various configurations of the GAL 
16V8ICsarecontrolled by programming cells 
within the 82-bit architecture control word 
that resides at row 60, The location of spe- 
cific bits within the architecture control word 
isshown in Fig. 10. The function of the SYN, 
ACO and ACI(n) bits have already been ex- 
plained. Theeight polarity bits determine each 
output's polarity individually by selectively 
correct logic. The numbers below the XOR(n) 
and ACl(n) bits in the architecture control 
word diagram show the output device pin 
number that the polarity bits control. 


Security cell 

Row address 61 contains the security cell (one 
bit). This cell is provided on all GAL 16V8 
devices as a deterrent against unauthorized 
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Fig. 5. Combinational output. 
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Fig. 7. Registered active high or low output. 
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Fig. 8. Dedicated input mode. 
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Fig. 10. Row address map block diagram. 
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Fig. 11. Architecture control word diagram. 
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ERIC ARRAY LOGIC- GAL. [27] 


copying of the array configuration patterns. 
Once programmed, the circuitry enabling 
array access is disabled, preventing further 
programming or verification of the array 
(rows 0-31). The cell can be eras 
conjunction with the array during a bulk 
erase cycle, so the original configuration 
can never be examined once this cell is pro- 
grammed. Signature data is always avail- 
able to the user. 








Bulk erase mode 

By addressing row 63 during a program- 
ming cycle, a clear function performs a bulk 
eras of the array and the architecture word, 
Inaddition, the electronic signature word and 
the security cell are erased. This mode re- 
sets a previously configured device back to 
its virgin state. 
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INTERMEDIATE PROJECT 


A series of projects for the not-so-experienced constructor. Although each article 
will describe in detail the operation, use, construction and, where relevant, the 
underlying theory of the project, constructors will, none the less, require an 
elementary knowledge of electronic engineering. Each project in the series will be 

based on inexpensive and commonly available parts. 





AUTOMATIC NICAD BATTERY CHARGER 


Although it is bound to be replaced within a foreseeable period by 
environmentally safer types, the nickel-cadmium (NiCd) battery is 
still the most popular around when it comes to powering anything 
that is portable and electronic. This article describes a low-cost 
charger that gives the best possible protection to your NiCd 
batteries by incorporating a timer and two constant current sources. 


NE of the most common causes of 

‘early death’ of a NiCd battery is wrong 
charging. Both the charging time and the 
charging current are critical, and often not 
observed in inexpensive chargers, which ap- 
pear to work all right when used with new 
NiCd batteries. In the long run, however, the 
batteries seem to lose power, and suddenly, 
often within days, give up the ghost. On in- 
vestigating such chargers, they often have a 
current source with poor regulation charac- 
teristics. It also happens that they lack a 
timer, in which case you (the user) are to 
blame for forgetting to turn the charger off 
after the recommended charging time. 

The present charger is fully automatic in 
that it provides a current sources that can be 
geared to the battery type, and a fairly accur- 
ate timer offering three charge periods with 
automatic switch-off. Both provisions serve 
to prevent any risk of overcharging. 








Practical realisation 


The circuit diagram, Fig. 1, shows that the 
charger consists of three parts: a power sup- 
ply, a clock circuit, and two current source 
Two identical current sources are used to en- 
able the charger to charge up to 12 batteries 
at the same time. 

The power supply is as simple as it could 
be. The circuit is powered by a mains adapt- 
er witha direct output voltage of about 15 V. 
This voltage is fed directly to the two current 
sources. A voltage regulator, IC3, supplies a 
regulated supply voltage of 10 V for the 
clock (timer) circuit 
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AUTOMATIC NICAD BATTERY CHARGER 
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Fig. 1. 


The clock circuit is formed by two ICs 
Type CD4060. As shown insert in the circuit 
diagram, the 4060 contains an oscillator and 
a Hestage ripple counter, which is essen- 
tially a chain of 14 bistables, each of which 
divides by two. The oscillator section on 
board the CD4060 is only used with IC1. Ca- 
pacitor C3 and resistors Ri-R4 are external 
parts required to make the oscillator operate. 
The components that determine the oscilla- 
tor frequency are C3 and the resistor con- 
nected to pin 10 of the CD4060. The circuit 
diagram shows that we have a choice of 
three oscillator frequencies, which, after 
dividing, resultin an equal number of charg- 
ing times. 

If you would calculate the CD4060 oscil- 
lator frequency on the basis of the compo- 
nent values given, you may wonder why this 
is so high. Could it not be made lower, so 
that fewer dividers are required for the same 
charging time? The answer is negative, be- 
cause a low-frequency oscillator based on 
the CD4060 is far less stable than a high-fre- 
quency one. This is mainly owing to the loss 
of the timing capacitor (C3), which would 











Table 1. 
charging period. 


Circuit diagram of the NiCd charger. 


take rather unwieldy values were the oscilla- 
igned to work ata low frequency (say, 
Also, low-loss large value capacitors 
are expensive and difficult to obtain. Briefly, 
an extra CD4060 solves this problem ele- 
gantly, and will not cause too large a hole in 
your pocket. 

Given the oscillator frequency, a total of 
24 dividers is necessary to arrive at the three 
possible charging periods of 24 hours, 
14 hours and 5 hours. The total divide tactor 
is, therefore, 2", Since a CD4060 contains 
only 14 dividers, two of these ICs are used 
here, the ‘slowest’ output of the first IC1) 
being connected to the clock input of the sec- 
ond (IC2). 

To make sure that the charging process 
stops after the predetermined time, output 
Q9 of IC? is connected to the clock input of 
ICi via diode D2. When output Q9 of IC? 
goes high (after 2" oscillator periods), the os- 
cillator is disabled, which causes the current 
state of all dividers to be ‘frozen’ until push- 
button Si is pressed. 

When Si is pressed, the reset inputs of the 
two ICs are taken logic high, which resets all 























Dimensioning the current sources in accordance with the battery type and the 





















































| Normal (14 hours) and long (24 hours) Fast (5 hours) | 

Penlight | 45 mA . 220/025W |147 mA 6.80/0.25W | 
| Baby 179 mA 5.60/1W 455mA — 18WAW 

370 mA 220AW 1A 30/3W 7 | 

(0 30mA 1000/0.25W ^ |30mA 330/0.25W | 

or 2 x 2.20/1W in parallel | 
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dividers to zero. Evidently, since we do not 
want to start at an undefined time in the 
charging period, IC) and IC? must be reset 
also, when the charger is first switched on 
The power-on reset circuit is formed by ca- 
pacitor Cs and resistor R5. During the charg- 
ing time of the capacitor, the reset inputs of 
the CD4060s are held high briefly after 
switching the unit on. This ensures that the 
clock always starts to count from zero. 











The current sources 


The moment the clock is reset, output Q9 of 
1C? goes low to signal that the batteries may 
be supplied with their charge current. This 
signal is processed via tra 
Q9 output is ‘low’, a base current is allawed 
to flow. Consequently, the collector of Tı will 
swing toa level virtually equal to the emitter 
voltage (approx. 10 V). This voltage enables 
a current to flow through the LEDs via 
and Rs. At the same time, a part of the cur- 
rent is sent into the base of the transistors 
connected in parallel with the LE The re- 
sulting emitter current supplied by T2 and T3 
is the charge current for the battery. Ac- 
tually, the charge current is the sum of the 
(small) base current and the emitter current. 
The value of the emitter current depends on 
the value of Rx1 or Rx2 and the threshold 
voltage of a red LED. 

Referring to the circuit around T2, the 
base of the transistor is held ata fixed voltage 
of about 1.6 V. The base-emitter junction of 
the transistor then acts as a conducting 
diode, and it is readily seen that the emitter 
will be at about 1.0 V (1.6 V-0.6 V). This. 
value is fixed because it is derived from the 
forward drop across diodes, and therefore 
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Fig. 2. 
UPBS-1. 


Suggested component layout on 


causes a fixed voltage across Rx1, This, in 
turn, results in a constant current. The 
charge current is supplied by the transistor, 
and the current through the base-emitter 
junction. gives rise to a collector current 
whose value causes a voltage drop of 1 V 
across Rx1 (again, to be precise, the voltage 
across Rx1 is the result of the base current 
and the emitter current). 

Should the current through Rx1 become 
larger (for whatever reason), the voltage 
across this resistor rises, and so reduces the 
base-emitter voltage. This can only happen 
when the base current, and with it the collec- 
tor current, is reduced accordingly. 

From the above it can be deduced that the 
value of resistor Rx is calculated from 


Rx = 1 V/Lcharge- 


As indicated in the circuit diagram, the 
maximum number of 1.5-V NiCd batteries 
that can be charged simultaneously via one 
current source is six. More is not possible be- 
cause the total battery voltage would then be 
so high that the current sources become un- 
stable (remember, the input supply voltage 
is about 15 V). For instance, when 9 batteries 
are connected in series, they supply more 
than 13 V, to which must be added the volt- 
age across Rx. This gives a total of more than 
14 V, leaving only 1 V for the collector-emit- 
ter junction of the series transistor. This is a 
value that can not be achieved or guaranteed 
even when the transistor is driven with the 
maximum base current. Hence, the current 
source will fail, and the output current drop. 





COMPONENTS LIST 


1 47kQ 

1 27kQ 

2 100 

1 IMQ 

1 100kQ 

2 1k95 

Rxt;Rx2: see Table 1 


Capacitors: 
2 A1pF 40V radial 
2 100nF 


Semiconductors: 
1N4148 
red LED 
BC557B 
BD241 
CD4060 
7810 


Miscellaneous: 

1 SPST push-button $1 

1 Printed circuit board UPBS-1 
1 Mains adapter 15V DC out 





A useful feature of the charger is that the 
LEDs go out when the battery is discon- 
nected. This happens because the collector 
current is then interrupted, leaving only the 
base current to flow through Rx1. This 
causes a voltage drop that is much smaller 
than 1 V, so that the base voltage drops 
below the minimum level at which the LED 
lights. 


Charge current and time 


As already mentioned, resistors Rx allow us 
to determine the charge current, while the 
charge period is selected by connecting the 
appropriate resistor to pin 10 of IC1. 

If you havea set of brand new batteries, it 
is best to give them an initial charge period 
of 24 hours (connect point A to pin 10). 
When the batteries have been used for some 
time, the charge period is reduced to 'nor- 
mal’, or 14 hours (B to pin 10). The 5-hour 


period (C to pin 10) is used only if the battery 
type is suitable for fast charging. 

The recommended charge current de- 
pends on the type of battery, and is often 
printed on it. The associated values of Rx are 
listed in Table 1 for ‘long’, ‘normal’ and ‘fast’ 
charging. Note that fast charging is not 
possible with all batteries; when in doubt see 
the battery specifications, or ask your sup- 
plier. 


Soldering and testing 


The NiCd charger is not difficult to build. 
Figure 2 shows a suggested components ar- 
rangement on universal prototyping board 
size ‘1’ (UPBS-1), which is available ready- 
made through our Readers Services. Start 
the construction by fitting the wire links. Use 
insulated wire for the longer ones, and unin- 
sulated wire for the shorter ones. Proceed 
with fitting the IC sockets, the resistors and 
the capacitors. The semiconductors are 
mounted last. Make sure you mount the 
diodes and the transistors the right way 
around, Lastly, insert the ICs into their 
sockets, also observing the orientation 

After a close inspection of your solder 
work, the completed circuit is ready for test- 
ing. First, check the current sources. Connect 
a battery pack in series with an ammeter. The 
LED in the current source used should light. 
Check this on the other source also. Measure 
the current, and check it against the relevant 
value from Table 1. 

Next, check the operation of the timer. 
‘Temporarily move the wire to pin 3 of ICi to 
the test point marked ‘TP’. This shortens the 
charge period by a factor 1,024, so that the 
original charging periods of 24 hours, 
14 hours and 5 hours are reduced to 84 sec- 
onds, 49 seconds and 18 seconds respec- 
tively, which are easily checked with a 
watch. If they are correct, return the wire link 
to its original position. 

The charger may be built into a suitable 
plastic enclosure. A rotary switch may be 
worthwhile if the current selection (value of 
Rx) needs to be changed often. Similarly, a 
switch may be used to select between the 
three charging periods. " 
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SCIENCE & TECHNOLOGY 


UNDERSTANDING WAVEFORM HARMONICS 


M? is the time when a strange, unex- 
pected or distorted waveform appears 
on your oscilloscope screen. A lot of head 
scratching and book searching s usually needed 
to solve the mystery. However, these days, 
with the rapid advances in Computer Aided 
Engineering (CAB) software, only a few 
steps or drag and click with the mouse at- 
tached to the computer are required to give 
you the answer instantly, 

Among the easy electronic circuit analyser 
software available at moderate cost and not 
too complex is the Micro-cap III electronic 
circuit package (about £120 or $200 student 
version). The program is exceptionally easy 
to operate in entering the electrical/elec- 
tronic circuit into the PC (AT with math co- 
processor advised). Simulation is performed 
on the circuit with realistic results. A fea- 
ture included in the package is Fourier Analysis, 
which evaluates the discrete Fourier trans- 
form of many distorted waveforms. 

It is not the aim of this article to focus on 
the software, but rather use its programming 
facility to demonstrate and simplify the the- 
ory behind waveform harmonic content. 




















Background 


Fourier analysis is the mathematical ground 
for analysing the periodic or repetitive (and 
perhaps distorted) waveforms. Fourier the- 
ory simply breaks the waveform into sev- 
eral ideal sinusoidal waves that each has its 
own period and amplitude. 

Consider the waveform shown in Fig. la 
It is said to consist of the two ideal waves 
shown in Fig. 1b. The first large wave is 
called the fundamental component and has an 
amplitude of, say, 100% at a frequency of 
50 Hz. The second, smaller, wave is called 
the third harmonic with an amplitude of 30% 
at a frequency of 150 Hz 

In general, any periodical or repetitive 
waveform is defined by: 











repetitive wave = DC component (Ap) + fun- 
damental component (Fp) + harmonics (E3) 


In Fig. 1, the waveform is represented math- 
ematically by: 


e, = Ag A sinat + Assin3or. 
If As = 1/3 Aj, the distorted wave is said to 
have 30% third harmonic. 


Mathematically, any periodical wave can 
be represented in the form: 
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Y(t) = Ag*A ,sin(Qr)&-A»sin(2Qt)4-... 
+A,,sin(n@t)+B costar) B»cos(20t 4... 
+B,cos(n@t), 


where 


Ag is the direct (constant) component; 
A\...A,, is the fundamental and odd harmonic 
components; 

B,...B,, is the fundamental and even har- 
monic components. 





Odd components exist when the wave is 
shaped by identical positive and negative 
cycles, that is, symmetrical around its axes. 
Even components occur when the wave is 
shaped by non-symmetrical half cycles. 

Many CAE software packages present 
the wave by its vector form, which is then 
plotted in two informative scales. The first 
scale gives the magnitude and phase angle 
of the discrete harmonic components shap- 
ing the waveform. The second scale gives 
the cosine and sine values of the discrete 
harmonics. Both scales are related and either 
scale will be sufficient to determine the ex- 














tent of distortion. Mathematica 
are represented as follows. 


Y(t) 
= Y, sin(nar+ b, ) 


ly, these scales 
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Y, + B? = magnitude 





B, 
®,„ = arctan | 2) = phase 
The terms A, and B, can be found from 
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The DC component, if present, is given by: 
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gration and vector calculations to under- 
stand waveform distortion? Relax, not in 
the 90s. By using software available on the 
market and, of course, basic practice in elec- 
tronic circuit analysis, it is quite possible to 
analyse almost any waveform and in effect 
produce the proper optimally designed sys- 
tem and this could be by introducing filters 
or by modifying the control concept. 


Sinusoidal waves 


Inthis section, several AC shaped waves, pro- 
duced by a rectifier or phase-controlled power 
device, are presented and their harmonic 
content is simplified. 

The ideal or smooth waveform is the si- 
nusoidal wave that is produced by large gen- 
erators in power stations. Figure 2 shows its 
waveform and its Fourier analysis is presented 
in the shape of the harmonic magnitude and 
the phase angle. The cosine and sine terms 
discussed in the previous section are plotted 
at the right, The analysis shown is the screen 
printout of the Micro-cap ITI software Fourier 
analysis section. 

It can be seen from Fig. 2 that the wave 
contains no DC nor any sort of harmonic, 
either odd or even. Thus, the fundamental 
component dominates the wave shape. 

The absence of distortion means that no 
filtering is required and that all the gener- 
ated energy is effectively transferred to its 
destination. Although such pure waveforms 
exist along the electrical power lines, they 
may not be so pure any more by the time 
they reach domestic or industrial power out- 
lets, because the mass of electrical and elec- 
tronic equipment connected to these outlets 
nowadays generates a myriad of spurious fre- 
quencies that are transferred to the power 
lines. One apparatus that is very sensitive to 
impure mains power is the computer, which 
is why a power conditioner or UPS is nor- 
mally recommended for its protection 

Selected | waveforms are com- 
pared with the ideal wave in Table 1. 




































Wave I lists the ideal wave with its clear po- 
sition of transmitting faithfully 100% power 
to the load without any distortion. 


Wave II shows a phase-controlled AC source 
as found in many light-dimmer circuits using 
bi-directional semiconductor devices to pro- 
duce the desired variable AC source as the 
one shown. For a 50% control ratio, that is, 
half the power transmitted, the print screen 
of the Fourier analysis shown in Fig. 3 reveals 
a handful of harmonies despite the fact that 
only half the power is transmitted. Practically,the 
level of harmonics can be neglected as long 
as its magnitude does not exceed 20% of 
that of the fundamental component. 

It is important to realize what this distor- 
tion might cause. High-frequency, high-level 
harmonics cause exc i 
turbance in the performance of the controlled 
system. All industrial and domesti 
are designed to operate from the ideal supply 
wave shape and frequency. If a mains supply 
with a high content of harmonics is used to 






























































% of fundamental component 


























920052-23 





IL 




















Fig. 3. Phase-controlled AC wave. 























Fig. 6. Controlled (full) rectified wave. 











Fig. 7. PWM rectified wave. 
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power, say, a universal motor such as hand 
drill or food mixer, the motor is faced with 
several AC supply signals at high frequen- 
ciesandat dilferent phase angles. This causes 
à good deal of extra heat in the motor wind- 
ings, noise and a drop in efficiency. 

More high-level harmonics contained in 
the wave cause excessive radio interference 
and requires wide-band filters. Moreover, 
when a complex power source is supplied 
acrossacircuit containing inductance and ca- 
pacitance. it may happen that the circuit res- 
onates at one of the harmonic frequencies, 
which is called selective resonance. lt is es- 


UNDERSTANDING WAVEFORM HARMONICS EJ 


sential, therefore, to include chokes or more 
complex filters or change the power source, 
both of which add to the final cost of the 
product. 


Wave [Tis ahalf-wave rectified wave that has 
a61% DC level (amplitude/m) and a handful 
of odd harmonics. Simply connecting a ca- 
pacitor across the load is normally enough 
to reduce the harmonics to an acceptable 
level. The Fourier analy: plotted in Fig. 4. 












Wave IV is a full-wave rectified wave. Its 
DC level is 150% of the fundamental, that is 
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Fig. 10. Quasi-square periodical wave. 


Fig. 11. Quasi-sinusoidal wave. 


twice amplitude/z and, again, a handful of 
odd harmonics that are. however. of a lower 
level than those in the half-wave rectified 
wave. Again, a capacitor across the load will 
reduce the harmonic level substantially. The 
Fourier analysis is plotted in Fig. 5. 





Wave V is a full-wave rectified wave under 
phase control, resulting practically in a vari- 
able DC source. At a 50% control ratio, the 
DC level is 67% and the harmonic content 
is worse than in Wave III, The Fourier anal- 
ysis is plotted in 6. Although this yields 
a variable DC source, there is a problem in 
the filter selection: the smoothing capacitor 
chosen must be capable of by-passing high 
frequencies up to five times the supply fre- 
quency. 






Wave VI is produced by pulse-width modu- 
lation (PWM) techniques to generate a vari- 
able DC source, Depending on the rate of 
on/off switching, the harmonic content rises 
alarmingly. indicating the importance of 
well-designed filterelements fora wide range 
of frequencies. Te Fourier anal s plot- 
ted in Fig. 7. As the switching frequency in- 
creases, the harmonic level shifts to the higher 
frequencies which makes it difficult to at- 
tenuate them by simple filters. 











From these examples, it is seen that dis- 
lortionisatits worst when the supply changes 
state suddenly as in Waves III and VI. A 
smooth transition and composition of the wave 
has the least distortion and this makes filter- 
ing straightforward. 


DC or pulsed waveforms 


In this section, we look at harmonics in DC 
or pulsed waveforms—see Table 2. 


Wave VII is, again, the ideal sine wave. 


Wave VIII is a square wave as produced by, 
for instance, a multivibrator oscillator. By 
inspection, the average value is half the am- 
plitude for a 50% mark-space ratio. The fun- 
damental is equal to twice the amplitude di- 
vided by x. Only odd harmonics (all cosine 
terms are zero) are present owing to the na- 
ture of the wave. A low-pass filter with a trans- 
fer function equal to zero at high frequen- 
cies will by-pass high-order harmonics but 
will introduce phase distortion in the out- 
put. Fourier analysis is plotted in Fig. 8. 








Wave IX is a periodical DC wave, typical of 
that generated by many commercial transis- 
torized inverters. An inverter is a circuit to 
convert a DC voltage into a periodical wave- 
form. The Fourieranalysis is plotted in Fig. 9. 
High-level third, fifth and seventh harmon- 
ics contribute to the shape of the wave. Note 
that the more higher harmonics are con- 
tained, the sharper the wave will be. 

It is difficult to filter out the third and 
fifth harmonics as both are at high level and 
close to the fundamental. The filter design 
must be a good compromise between induc- 
tance and capacitance values. Large induc- 
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tances and small capacitances cause the in- 
verter regulation to become poor. Small in- 
ductances and large capacitances improve 
regulation but increase the current through 
the inverter. Regulation is the ratio between 
no-load and full-load output voltage. 


Wave X is, again, the inverter waveshape 
but with a different control. Its Fourier anal- 
ysis is plotted in Fig. 10. The waveform, 
which has fewer harmonic peaks. is known 
asa quasi-square-wave. The analysis shows 
the existence of a small percentage of third 
harmonic content, but the fifth and seventh 
are not noticeable. 








Wave XI is a quasi-sinusoidal wave that can 


be detected in many industrial motor drive 
controller. The distortion over a wide fre- 
quency spectrum contains 20% fifth and 
13% seventh harmonics, but at low level. 
Single filterelements are, therefore, effective 
in many cases. If the smoothing filter in the 
DC path is capacitive, the system is called a 
constant-voltage source; if it is inductive, 
the system is a constant-current source. The 
Fourier analysis is plotted in Fig. 11. 


Summary 


Most pulse-shaped waves contain odd har- 
monics. If the periodical amplitude swings 
between equal positive and negative peaks, 
the average DC component is nought. If the 






amplitude remains above the zero level, there 
is always a DC component, 

The waveforms shown in this article are, 
unfortunately, all real-life shapes used in- 
tensively in the motion control of electric ma- 
chines. Simple filters have not much effect, 
and are often bulky and expensive. The ex- 
istence of harmonics produces torque pulsa- 
tion in motors, which causes extra heat, vi- 
bration and noise. 

With the advances of microprocessor- 
controlled inverters, harmonic attenuation by 
pulse-width modulation is now available. 
Asalways, however, one should consider com- 
plexity and cost against performance. a 





RED-LIGHT DIODE LASERS 


based on an original article by S. von Fehren 


IODE lasers that operate from the near- 

ultraviolet to well into the infra-red re- 
gion are commonplace and used, among oth- 
ers, in optical fibre communication, optical 
memories and compact-dise players. Until a 
few years ago, the only lasers producing vis- 
ible light were He-Ne lasers. Some of the 
He-Ne lasers emit a deep red light at a wave- 
length of 632.8 nm, that is in the visible 
light region, while others operate at 1.15 um 
or 3.39 um. In spite of the fact that they are 
(relatively) large. require a power source of 
kilovolts, cannot be modulated and are highly 
sensitive to mechanical phenomena, these gas 
lasers have become very popular because they 
are inexpensive and easy to manage. 

These lasers now have a serious com- 
petitorin adiode laser. announced by Toshiba 
in 1987, but not commercially available until 
recently, that operates at 660. nm (red light). 

Diodes that emit visible light have, of 
course, been available for many years. Such 
light-emitting diodes (LEDs) are made from 
à variety of semiconductor material to ob- 
tain a particular colour of light. Gallium-ar- 
senide(GaAs)fornear-infra-red: gallium-ar- 
senide-phosphide (GaAsP) for red and yel- 
low: gallium-phosphide (GaP) for green and 
blue. See Table 1 for light and near-light 
wavelengths and associated colours. 

Without repeating its derivation (see Ref. 1), 
the formula from which the wavelength, A, 
can be calculated is 








AE =hv=helA, ul 


where AE is the energy released when an elec- 
tron passes from one energy level to another, 
h is the Planck constant (4. 14x10-15 eV-s), 
Vis the frequency of radiation, c is the speed 
of light in a vacuum and A is the wavelength 
(colour) of the emitted light. The quantity 
hvis a quantum of energy commonly called 


à photon. 

From formula [1], it is seen that, since Jr 
and c are constants, the wavelength depends 
entirely on AE. In semiconductors, energy dif- 
ference is called the energy gap, expressed 
in eV (electronvolts). One eV = 1.60210-19 
joule (J). The energy gap cannot be measured: 
itis determined empirically, that is, by mea- 
surement. The energy gap between gallium 
and arsenide is 1.4 eV. Entering the various 
quantities in formula [1] results in a wave- 
length: 


Az hc/AE = 
-14x10- 15x 3x 108/1.4— 
= 8.86x10-7 m - 886 nm, 





which is in the near-infra-red region. 

To obtain shorter wavelengths (that fall 
in the visible region), different materials 
must be used. 

Standard laser diodes are made from gal- 
lium-aluminium-arsenide (GaAlAs), which 
has an energy gap of 1.6 eV. corresponding 
to a wavelength (computation as before) of 
775 nm. Because of high production quanti- 
ties and standardized manufacture, these 
diodes cost only about a few pounds ex-fac- 
tory. They are used extensively in CD play- 
ers and laser printers. 





New techniques 


Thenew laserdiodes, Toshiba Types TOLD9220 
and TOLD9222. are made from indium-gal- 
lium-aluminium-phosphide (InGaAIP), which 
has an energy gap of about 1.9 eV to givea 
wavelength of 660 nm. Prices of these devices 
have been coming down rapidly. 

Currently. Toshiba research scientists are 
working on a laser diode that will emit blue 
light (500—445 nm). The difficulty, as before, 
is finding suitable semiconductor materials 


that can be doped appropriately to yield a 
p-n junction with the required energy gap of 
about 2.2 eV. 

The (index-based) construction of the 
TOLD9220 is shown in Fig. 1. Its major 
parameters (at 25 *C) are 


* wavelength, A: 660 nm 
* thresholdcurrent, Jn: 75 mA (max. 90 mA) 
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Fig. 1. Layer construction of the new Toshiba 
laser diodes. 
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Fig. 2. Pinout of the TOLD9220. 
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* operating current, /5: 85 mA (max. I00 mA) 
t break-down voltage, Uy; 1.5 V 
* operating voltage, Up: 2.5 V (max 3.0 V) 





sonos 








Fig. 3. Artist impression of the cross-sec- 
tional view of the new Toshiba diodes. 





see text mnm" 











Fig. 4. Simple control circuit for CW op- 
eration of the new Toshiba laser diodes. 


* luminous power, Pi: 3 mW 
* max. housing temperature: +40 °C. 


The pin-out of the TOLD9220, shown in 
Fig. 2, corresponds to that of CW (continu- 
ous wave) laser diodes, which emit light 
constantly. As in LEDs, the light emission 
may be raised by increasing the current. 
However, that also increases the dissipation, 
which, in LEDs, because of their relatively 
large emission surface, can be tolerated for 
some time, but which in laser diodes can be 
fatal. This is because the actual emission 
surface in laser diodes is tiny: only 2.5 um?. 

A semiconductor al emits light not 
only forward, but also from its backplane. 
This back emission, amounting to about 
5% of the forward emission, falls on to a 
photodiode whose resistance varies in di- 
rect proportion to the luminous intensity, 
This makes it possible fora circuit controlled 
by the photodiode to regulate the current 
through the laser diode, and thus its dissi- 
pation, In other words, the temperature of 
the laser diode is, to some degree, con- 
trolled by the light emission. 

AnartisUs impression of a cross-sectional 
view of the diode is shown in Fig. 3. The 
laser diode chip (A) is the semiconductor crys- 
tal shown in Fig. 1. Although the photodiode 
is contained in the same housing, the whole 
construction is referred to as the "laser diode". 
The construction is typical of CW diodes, 
which nowadays are produced in far greater 
numbers than pulse lasers. 





















Control circuit 


A suitable circuit for controlling the new 
Toshiba laser diodes is given in Fig. 4. Zener 
diode D» holds the voltage at the emitter of 
T, at 2.2 V with respect to earth. Provided 
that the photodiode receives no light, its re- 
sistance is a maximum. The base of T, is 
connected across that resistance and the pre- 
set is, therefore, at minimum voltage. Since 
T, is a p-n-p type, it is switched on, where- 
upon its collector current drives T» also into 
conduction. The latter transistor thereupon 
switches on the laser diode, which then draws 
a current that is limited by R3. 

The laser diode emits the maximum per- 
missible light flux, part of which is received 
by the photodiode. The resistance of the 
photodiode decreases, whereupon the base 






























Fig. 5. Focusing of rays of light and consequent light-intensity diagram. 
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RED-LIGHT DIODE LASE] EJ 
potential of T; rises. This causes a decrease 
of the current through T, and T5, and thus 
through the laser diode. In that way, the light 
emission of the laser diode is kept at a more 
or less constant value, which depends on the 
setting of P (the voltage across Dj is, of course, 
the reference). The current through the laser 
diode is inversely proportional to the active 
resistance of P,. Resistor Ra prevents the 
current rising above the maximum permis- 
sible value of 100 mA. 

Since the laser diode operates in CW 
mode, itreaches its maximum operating tem- 
perature of 40 °C within about a minute. 
Because of this rapidity and in spite of the 
control circuit, it is recommended that the 
laser diode is mounted on a suitable (TO-5 
or TO-39) heat sink. 








Sample of the new Toshiba laser diodes. 


Applications 


Red-light laser diodes can be used in many 
applications, because, compared with He-Ne 
lasers, their operation and installation are 
far less complicated (and, moreover. they 
are cheaper). A glance at Fig. 4 and at a 
comparable circuit for an He-Ne laser will 
verify this. 

An important industrial application is in 
barcode readers, which, already in use in thou- 
sands of shops and other business, will be 
almost universal before the end of this decade. 
Such readers scan the black and white bars 
of a barcode: the white ones reflect the light, 
which is then applied to a photodiode, whereas 
the black ones absorb it. The contrast between 
the reflected and absorbed light becomes 
greater as the wavelength becomes smaller; 
wavelengths above 780 nm cannot be used 
in barcode readers. Red-light diode lasers are, 
therefore, very suitable. Moreover, because 
of their small size, they can be used in portable 
and mobile barcode readers, which is not re- 
ally possible with (the rather larger) He-Ne 
lasers. 

At this point, it should be borne in mind 
that, apart from coherence and power den- 
ity, monochromaticity, that is, the absence 
of all other wavelengths, is the advantage of 
laser light over traditional light. Barcode 
readers and CD players cannot function prop- 
erly with polychromatic (multi-colour) light. 





























GENERAL INTEREST 





Another interesting application is in the 
light pointer as used nowadays on projected 
images in lectures, film shows, and soon. The 
red-light laser diode is far more suitable than 
the He-Ne laser for fitting into a reasonably 
small tubular holder terminated in a convex 
(focusing) lens. Moreover, it can be pow- 
ered by alkaline batteries. Such a pointer would 
cost about a third of the price of an He-Ne 
laser, and be only a third of the size and 
weight of an He-Ne laser, 





Use in compact and video 
disk players? 

Believe it or not, the price of a compact or 
video disk player is determined to a larger 
extent than generally known by the laser it 
uses. Why this is so will be clear from the 
following. 

In Fig. 5, light falls on to à convex lens 
of diameter d. The lens concentrates the 
light at principal focus F, which is a dis- 
tance /(the focal length) trom the optical cen- 
ire of the lens. The ray of light along the 
principal axis passes unhindered through 
the lens to F, but most other rays are refracted 
to F. Some rays, however, are refracted to 
points other than F on the focal plane by an 
angle, œ, with respect to the principal axis. 
From the curve at the right of Fig. 5 it is 
seen that the light-intensity varies around 
F. Indeed, when focusing is poor (normally 
caused by a cheap lens), light at F is not a 
sharply defined point, but a disc of diame- 
ter a around the principal focus. This disc 





| cow | wavelength (nm) 










infra-red 1000-740 
red 740-620 
orange 620-585 
yellow 
green 
blue 
indigo 345-425 
violet 


ultraviolet 


is bright at its centre and becomes virtually 
dark at the nulls. Note that by convention 
the null below the principal axis is negative 
and that above is positive. 

The angle of aberration, œ, is found from 


tana = (a/2)/f, p 


where a/2 is the distance between the nulls 
and the principal axis. 

The angle is also related to the wave- 
length of the light in the formula 





sinas Ald. [3] 


These two formula can be combined, pro- 
vided o is small (the normal case) into 


à - 24f A/d. 


In an ideal lens, f — d, so that the diame- 
ter of the focal disc is 








a2 2.44X. I4l 

To ensure error-free scanning of the pits 
on the compact or video disc, the focal disc 
of the light must not be larger than the pits 
orwiderthan the tracks between the pits. This 
has two important consequences. 

First, since the wavelength of the light 
determines the diameterof the focal disc, non- 
chromatic light will cause several (overlap- 
ping) discs. Only a laser will thus give one 
focal disc. 

Second, the smaller the wavelength, the 
smaller the diameter of the focal disc, and 
the smaller the pits and track-width of the 
compact or video disk can be. 

Currently, the elength of the laser 
light in CD players is 780 nm. This makes 
possible a distance of 1,9 um between tracks 
and, consequently, about 18 000 tracks on 
the 33 mm wide recording surface of a CD. 
If the wavelength of the laser light is brought 
down to 660 nm, the number of tracks on a 
CD, and thus the playing time, can be increased 
by 18%. The same applies to video disks 
and CD-ROM. a 
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LCD FOR INDUCTANCE/CAPACITANCE METER 


Design by L. Pijpers 


The liquid crystal display described in this article and shown in 
the photograph below is intended primarily for usewith the 
indutance-capacitance meter published last month 


N the design of a 31/2 digit voltmeter mod- 

ule, IC Type ICL7106 has attained virtu- 
ally the same status as a 555: universally 
known and suitable for almost any applica- 
tion. Ithas nearly everything needed on board: 
an analogue-to-digital (A-D) converter with 
automatic zero-setting and the required dis- 
play drivers. All that is needed additionally 
are a reference voltage source and some pas- 
sive components. 

The signal that renders the display black 
must be in anti-phase with the signal at the 
back-plane (BP) of the display. The same is 
true for that controlling the decimal points 
and the LoBat indication. Unfortunately, the 
7106 doesnot provide these signal and, there- 
fore, transistor T; has been added to invert 
the BP signal. By connecting board pins dps, 











ddp, and bat to BP, the associated parts of 
the display become visible. 

If non-connected pins or the LoBat indi- 
cation pick up noise that cause the relevant 
information to become visible, the former 
can be linked to pin 40 (AC) direct and the 
latter via a 10 MQ resistor. 

The input circuit is a low-pass filter with 
acut-off frequency of 16 Hz that refrains any 
noise at the input from reaching the A-D 
converter. 

The clock that ‘motivates’ the 7106 has a 
frequency, determined by C», that makes two 
measurements per second possible. 

Resistor Ry and capacitors Cs-Cs form 
part of the A-D converter circuit, 

The supply voltage is high enough to en- 
sure that the reference voltages, connected 
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PARTS LIST 


Resistors: 

R1 =22MQ 

R2, R5=1 MQ 

R3 = 100 kQ 

R4 = 470 kQ 

R6 = 18 kQ 

R7 = 10kQ 

P1 = 10-turn preset, 4.7 kQ 


Capacitors: 

C1-10nF 

C2 = 150 pF 

C3, C6, C7 = 100 nF 

C4 = 47 nF 

C5 = 220 nF 

C8, C9 = 330 nF 

C10, C11 = 100 pF, 25 V, radial 





Semiconductors: 
T1 - BS170 

IC1 = ICL7106 
IC2 = 78L05 

IC3 = 79L05 


Miscellaneous: 

LCD1 = 31/2 digit display 
40-pin low-profile IC holder 
2 off 20-pin terminal strip 








to V+ and Comm of IC}, are sufficiently sta- 
ble for the A-D conversation to be accurate 
tol digit. Thisassumes, of course, that theref- 
erence voltages, REF HI and REF LO, have been 
preset correctly with P;. The voltage between 
REF HI and REF LO must be half the full-scale 
value, that is, here 1 V. Presetting is easiest 
by applying a voltage of 1.9 V to the input 
and adjusting P; till the display indicates 
the same value as the meter with which the 
input voltage is measured. Do not make the 
input voltage much higher, because if Pj is 
then turned a little too far, IC will indicate 
an ‘overload’ which complicates the setting. 

To make the circuitsuitable for supply volt- 
ages of +8-+20 V, it has been provided with 
two voltage regulators, IC and ICs, which 
provide a supply of £5 V. If such a supply is 
already available, IC», IC and Cg-Ci; may 
be omitted 

The circuit is best built on the printed- 
circuit board shown in Fig. 2. Start the con- 
struction with the wire links and end with 
placing the display into its holder. Since the 
display is mounted over IC}, it is important 
that the 7106 is fitted in a low-profile holder. 
If the display does not fit properly on to the 
two terminal strips, plug another pair of ter- 
minal strips into the first and then the dis- 
play into the second pair. 

It is, perhaps, interesting to note that the 
type of display specified is also suitable for 

















Display connections 





PCB 920018 (diffused) back lighting " 
i |. PARAMETERS - — a 
Metering range +2 V with respect to earth 

Accuracy +1 digit (see text) 

Supply voltage Regulated; +5 V 


Unregulated: +8-+20 V 
dpl-dp3; ddp (:); LoBat 
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UPER SIGN is a ‘light-weight’ power- 

ful circuit that is capable of switching, 
manually or automatically, three independent 
groups of lamps arranged as desired. 

The first groupof lamps is switched on and 
off ata preset frequency produced by a pulse 
generator. The other two groups are switched 
alternately by bistables at half the preset fre- 
quency. 

The output signals from the pulse gener- 
ator control the switching of a triac con- 
nected between the lamps and the mains 
power supply. The triac g isolated by a 
zero-crossing optoisolator. Figure | shows 
the major parts of the circuit, which is suit- 
able for automatic and manual switch modes. 

The pulse generator is built around a Type 
4047 monostable/astable multivibrators shown 
in Fig. 2. Three different clock signals are 
available: (a) at pin 13 (oscillator output); 
(b) at pin 10 (Q); and (c) at pin 11 (Q). The 
pulse width (on-time) is controlled through 
an RC circuit connected between pins 1, 2, 
and 3. 


















Control circuit 

The logic for the control circuit is designed 
for either manual or automatic initiation as 
set by Sj. When the auto mode is selected, 
photovaristor R jg controls the biasing current 
flowing into the base of T}. 

When light falls onto Ryg, its resistance 
decreases, resulting in too small a base cur- 
rent into T: the transistor then switches off. 
At dusk, or at any level of ‘darkness’ set by 
Po, the resistance of R jg increases, whereupon 
the base current into T, becomes sufficient 
to switch the transistor on. Relay Re; is then 
energized and its contact connects the power 
lines to IC). 


Duty factor 

When the duty factor of the pulse at pin 13 
is 50% (square wave), the on-time, T, (in 
seconds) is given by 


T=2.(P)4+R3)C). 
This time is halved at pins 10 and 11. The 
pulse width cannot exceed 20 ms so as to allow 


sufficient time for the lamps to switch off. 


Power circuit 
Each group of lamps is connected to the 


SUPER SIGN 


by Dr K. A. Nigim 


Whether you are advertising 
your merchandise, welcoming 
your mother-in-law, or 
celebrating a day of success, 
SUPER SIGN will add light to 
the occasion. 


mains supply through a suitable triac, whose 
rating depends on how many lamps the par- 
ticular group contains. For example, if ten 
lamps rated at 100 W each are connected in 
parallel, the r.m.s. load current will be 5 A; 
whereas if ten 10 W lamps are used, the load 
current will be 0.5 A. 


Pulse Generator 


ie) 


zero 


opto- 
isolator 
auto 


II" 
` 


- 


1283 





set frequency 


Fig. 1. Three-line super sign. 


number of lamps 
per group 


10 
60 
















crossing 












The table gives a rough guide between 
the number of lamps connected in parallel, 
the wattage per lamp and the suggested triac. 
Itis good practice to mount the triac on a 
suitably rated heat sink a little distance from 
the logic control circuit. 

The gate of each triac is connected to the 
relevant output of IC, zero-crossing op- 
toisolators ICj-IC3—see Fig. 3. This ar- 
rangement ensures that the control circuit is 
buffered and isolated from the mains. At the 
same time, triggering of the triac at the zero- 
crossing points greatly reduces radio/TV in- 
terference, 


Construction and testing 
A 12 V DC regulated power supply, rated at 
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triac type 
(on heat sink) 





C206D 
C226D 
SCI46D 
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SUPER SIGN 


500 mA, is required to power the circuits. 

The circuit in Fig. 2 is best constructed 
on an individual small PCB. The location of 
photovaristor Rig depends on individual re- 
quirements. Adjust P» for the desired level 
of ‘darkness’ as indicated by the lighting of 
Dy (and the relay changing state). The pulse 
width is controlled by P;, which is normally 
set for a value of 330 ms (73 Hz). 

The optoisolators and triacs are assembled 
on a second small PCB. The two boards can 
be stacked in multi-storey style with the triac 
board at the bottom. It is recommended that 
the triacs be fitted on a suitable heat sink. 









Variations 

The control circuit can be altered to any de- 
sired frequency pattern: the use of two PCBs 
makes replacement of the control board easy. 
The photovaristor can be replaced by a push- 
to-make switch (for instance, for a birthday 
party) in series with a 1-2 KQ resistor. M 
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Fig. 2. Automatic/manual control circuit. 





PARTS LIST 


auto 
o 





wo) 
= Resistors: 


RO, R1=1.2kQ 








R7, R8, R9, R10, R11, R12- 330 Q, 1/2 W 
R13, R14, R15 = 100, 3 W 

P1=4.7kQ 

P2 = 100 kQ 





Capacitors: 

C1=1 uF 

C2, C3, C4 = 0.1 uF, 400 V, 
polypropylene 


> | | | U 920051-12 oniar ipia 

D1 = 1N4001 

T! =BC107 

IC1, IC2, IC3 = MOC3062 
IC4 = 4047 
Triac = see text 




















IciouTPUTS D» 














Miscellaneous: 
Ret = 12 V, 400 Q, sub-miniature for 
PCB mounting 

















Fig. 3. Circuit of power triacs. 
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o 
FM TUNER 


PART 2: QUARTZ 
FILTERS, POWER 
SUPPLY AND 
ADJUSTMENT 


This second part of the article was originally 
intended to deal with the adjustment of the 
main tuner board only. However, following 
many readers’ enquiries, we will first give 
some additional information on the quartz 
filters used in the design. 

The shape of the filter is apparent from 
this month's front cover photograph: the 
TQF-2599 from Toyocom is a small block 
made of nickel-plated steel. The dimensions 
of the device are: 31 mm long, 21 mm wide 
and 18 mm high (approx. 1742x!Mex!Mi6 
inch). At the underside of the device are five 
solder terminals that allow it to be fitted di- 
rect on to a printed circuit board. The solder 
pins are located at the short sides of the en- 
closure: one side has two pins, the other, 
three. 





Figure 6 shows the electrical equivalent 
of the quartz filter. Two terminal pairs are 
connected to the input and the output induc- 
tors. The remaining terminal is connected to 
the filter enclosure. Note that the input in- 

















Fig. 6. Internal diagram of TQF-2599. 

















Fig. 7. Filter test circuit. 


ductor allows a balanced connection, while 
the output of the filter is single-ended (un- 
balanced or asymmetrical) because the 
‘lower’ end of the output coupling inductor 
isconnected to the enclosure (i.e., to ground) 

Between the input and the output sit two 
quartz crystals, whose resonance frequen- 
cies differ by an amount equal to the filter 
bandwidth. The input and output inductors 
serve to reverse the phase, and to match the 
crystal impedances. They also determine to 
some extent the pass-band ripple and the 
bandwidth. In the present FM tuner, the 
TQF-2599 meets the requirement for a filter 
with a small pass-band ripple and good 
phase linearity. The selectivity, i.e., the rejec 
tion of frequencies outside the pass-band, is 
nota prime requirement, but can be made so 
by using a number of these filters in seri 

The measurement circuit shown in Fig. 7 
produces the pass-band characteristic and 
the pass-band ripple characteristic shown in 
Figs. 8 and 9 respectively. Although the 
pass-band curve (Fig. 8) is not entirely sym- 
metrical, the pass-band ripple is very small 
indeed (Fig. 9): less than 1 dB. Further tech- 
nical data on the TQF-2599 is given in 
























= lglg me wm = ew 


Table 1. Note that the ‘attenuation’ shown in 
Figs. 8 and 9 is relative to the insertion loss of 
the filter, 

Asalready mentioned, the filters are used 
two by two to achieve the required skirt 
steepness. When four filters are cascaded as 
in the present tuner, the -40-dB bandwidth 
is reduced to+180-kHz, while an attenuation 
of 60 dB is reached at +300 KHz already. The 
use of four filters significantly reduces the 
dip in the pass-band of an individual filter at 
about +350 kHz, and in addition ensures an 
image rejection that obviates the use of addi- 
tional devices to ensure sufficiently high re- 
ceiver selectivity, 





Construction 


The main tuner board is fairly large, but 
simple to populate, This month’s front cover 
shows the finished prototype. All parts must 
have the correct terminal spacing (pitch) to 
ensure the shortest possible connections. As 
always, start with the wire links, of which 
there are only two on the present PCB. The 
FD12 tuner module may be fitted with the 
aid of solder pins, which are soldered on to 





Table 1. TQF-2599 main technical data 


Centre frequency: 

-3-dB bandwidth: 

-20-dB bandwidth: 

—30-dB bandwidth: 

—40-db bandwidth: 

Insertion loss: 

Pass-band ripple: 

Source and load impedance: 


10.7 MHz +9 kHz 

240 kHz min. 

600 kHz min. 

—400 kHz to +450 kHz max. 
-450 kHz to +550 kHz max. 

-7 dB max. 

1 dB max. 

900Q +10%; 10 pF +2 pF parallel 











ECTRONICS APRIL 1992 





the contact fingers on the edge connector 
that protrudes from the underside of the unit 
(see the introductory photograph in part 1 of 
this article), 

The dual varicap used in the demodula- 
tor circuit, Di, is a device that looks very 
much like a transistor in a TO-92 enclosure. 
The two outer terminals are the anodes, the 
inner terminal is the common cathode. Al- 
though we did not use IC sockets on the 
prototype, it may be safer to do so. A second 
prototype built with IC sockets showed no 
problems. 

The two voltage regulators on the board 
are fitted vertically, and bolted on to a com- 
mon heatsink. Insulating washers are re- 
quired for both regulators to prevent 
short-circuits should the heatsink touch the 
tuner enclosure, which is at ground poten- 
tial. 

After populating the board, give ita final, 
thorough, check as quite a few components 
are involved. 


Power supply 


The main tuner board works from an adequ- 
ately smoothed direct voltage of between 
23 V and 32 V, which need not be regulated. 
This supply must be capable of sourcing a 
maximum current of about 300 mA. The 
main supply voltage is connected to the PCB 
terminal marked ‘+’, The LM317T on the 
board reduces the unregulated voltage to a 
stabilized supply of 20 V for the FDI2 tuner 
module. The 20-V supply rail is also con- 
nected to the input of the second voltage 
regulator, an 7815 (ICs), which powers all 
ICs on the board. The tuning circuit in addi- 
tion requires a supply voltage of which the 
maximum value lies between 30 V and 33 V. 

Figure 10 shows a suggested power sup- 
ply that caters for a regulated 32-V output for 
the main board and the tuning circuit, as 
well asa 5-V output for the synthesizer (to be 
described next month). The +32-V output of 
the supply may be connected to the supply 
terminals marked ‘+33 V' and ‘+’ on the 
tuner board. The tuning voltage proper 
varies between about 3 V and 30 V, and is 
determined by the synthesizer, For an initial 
test of the tuner, the synthesizer is not re- 
quired, and the tuning voltage, Liruns, may 
be taken from the wiper of a multiturn 
potentiometer connected between ground 
and +33 V. 











Connection and wiring 


Apart from the supply connections men- 
tioned above we have the antenna cable, 
Which is connected to the input marked 
‘Ant’, and the input cable of the stereo am- 
plifier, which is connected to the R-OUT and 
L-OUT terminals on the tuner board, Both 
the antenna and the audio connections have 
separate ground pins on the board to con- 
nect the cable screening. 

The remainder of the wiring is for the in- 
dicator LEDs and the MODE control of the 
stereo decoder and the audio processor. The 
signal strength (S-meter) terminals are pro- 
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Fig. 8. TQF-2599 selection characteristic (measured with test circuit shown in Fig, 7). 
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Fig. 9. TQF-2599 attenuation characteristic within pass-band. The ripple is quite small at 


less than 1 dB. 


visionally connected to a multimeter. 

Circuits IC? and ICs indicate their current 
mode with the aid of LEDs. The cathode of 
the ‘STEREO’ LED is connected to resistor 
Rar, and the cathode of the ‘MUTE’ LED to 
Ras. The anodes of these LEDs are connected 
to +15 V, The LED drivers in IC: are con- 
stant-current types. The cathodes of the ‘P- 
STEREO" (pseudo-stereo) and ‘BASIS-B’ 
(widened image) LEDs are connected to 
ground, and the anodes to the respective 
PCB terminals. 

The mode setting of IC? and IC3 is ef- 
fected by a combination of logic levels ap- 
plied to the corresponding control inpu 
The stereo decoder, IC*, switches to mono 
when a voltage greater than about 3 V is ap- 
plied to the ‘MONO’ input. The operation of 
the ‘MUTE’ input is similar. By contrast, the 


switching levels at the MODE SELECT A 
and MODE SELECT B inputs are TTL-com- 
patible, i.e., ‘low’ (L) corresponds to «0.8 V, 
and ‘high’ (H) to >2.4 V. This allows the dif- 
ferent modes to be set as follows: 





A=L 
B = irrelevant 


Normal operation: 


Wide image: 
Pseudo stereo: 





When the inputs are left open (i.e., not con- 
nected), they are internally pulled to +5 V. 
This causes the ‘wide image’ mode to be se- 
lected. 

The audio outputs on the board may be 
connected to any hi-fi amplifier or preampli- 
fier via line (type ‘RCA’ or ‘phono’) sockets 
and a conventional stereo screened cable. 
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Fig. 10. 


Terminal 


Ant. 

+33V 

UABST 

+ 

MONO 

MUTE (R45) 
MUTE (R46) 
STEREO LED 
P-STEREO 
BASIS-B LED 
L-R OUT 
MODESELECT A,B 


Table 2. Main tuner board connection overview 


Signal/function 


Antenna; 75-Q unbalanced (coax) 
Supply voltage for tuning circuit 

Tuning voltage 3-30 V 

+23 V to +32 V 

>3 V switches to mono 

>3 V mutes AF outputs 

LED to +15 V; lights when mute off 

LED to +15 V; indicates stereo broadcast 


LED to ground; indicates pseudo-stereo mode 


LED to ground; indicates wide image mode 
Left and right audio outputs 


Select TDA3810 mode 

Mode A B 

Stereo x 
H 
L 


Suggested power supply for the main tuner board and the synthesizer. 





L 
Wide image H 
Pseudo stereo H 





Table 2 provides an overview of all board 
connections and their functions. 


Adjustment: easy! 


For an initial adjustment of the tuner it is suf- 
ficient to connect the main supply only to the 
tuner board. First, check the output voltages 
(+20 V and +15 V) of the two regulators. 
Next, fit wire jumper 'C' to switch on the on- 
board 10.7-MHz reference oscillator. Con- 
nect a voltmeter to pin 6 of ICo, and adjust 
the core in filter Fit until the meter reads 
about 7 V. A tip: turn the core downward if 
the measured voltage is initially smaller than 
7 V, or upward if the voltage is higher than 
7 V. Next, turn the core in Fi2 to the same 
depth as that in Fil. 

From then on, the quadrature demodula- 
tor circuit will keep itself centred at 
10.7 MHz. Remove jumper ‘C’ to switch off 
the auxiliary oscillator, 

Switch off, and prepare the tuner for 
‘real’ FM reception. ‘MODE SELECT" is set to 
‘normal’ by wiring terminals ‘A’ and 'B' to 
ground. The ‘MONO’ and ‘MUTE’ terminals 
may be left open. Further, connect the an- 
tenna cable (a 75-cm long straight piece of 
wire soldered to ‘Ant.’ will also function if 
you are not too far away from an FM trans- 
mitter). Lastly, connect the tuning voltage 
via the (temporary) multiturn poten- 
tiometer, and, of course, the audio amplifier. 
Set Pi and P2 to their mid-way positions. 

Switch on again, and tune to a relatively 
strong FM stereo station. Adjust the PLL 
centre frequency (P2) until the stereo LED. 
lights. Next, turn the wiper of P2 alternately 
left and right, and note the positions where 
the ‘STEREO’ LED goes out. Set the wiper in 
between these two positions. This concludes 
the adjustment of the stereo PLL, 

Finally, adjust preset Pi for optimum 
channel separation, For this you either have 
to wait for a stereo test transmission, or have 
access toa stereo test generator. Failing both, 


























leave the preset at the centre of its travel, 
when the channel separation is at least 40 dB. 
a 


Next month: description of the synthesizer. 
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2-METRE FM RECEIVER 


The 2-metre band has been 
popular for three decades 
and longer for short, 
medium-range and mobile 
communication between 
radio amateurs, and it is 
usually pretty crowded in 
and around large cities, 
with activity centring 
around repeater stations. 
The predominant mode for -4 
local traffic is FM, and 
listening in can be a great 
way to expand your 
knowledge of electronics 

as well as get to know 
fellow enthusiasts. The 
receiver presented here is 











aimed at those of you who are not yet bitten by the 'radio' bug. Alternatively, for hams 
already on the air, the present design is an excellent stand-by receiver to monitor band 


activity. 


design by J. Barendrecht and 
L. Lemmens 


HE receiver described is remarkably 

compact, based on three ICs only, and 
fairly simple to build since a well-designed 
printed circuit board is available ready- 
made. 

The block diagram (Fig. 1) of the receiver 
shows that it is a ‘classic’ superheterodyne 
with a single intermediate frequency (IF) of 
10.7 MHz. The antenna signal is amplified 
and passed through a band filter before it is 
applied to an integrated double-balanced 
mixer. The local oscillator signal is supplied 


by a varicap-tuned voltage-controlled oscil- 
lator (VCO). The IF signal at 10.7 MHz is 
passed through a crystal filter to ensure the 
required selectivity of the receiver. Next, it is 
amplified and filtered again. One integrated 
circuit combines the functions of demodula- 
tor (FM only), squelch (automatic muting) 
and S-meter driver. It is followed by an AF 
amplifier capable of driving a pair of head- 
phones or a small loudspeaker. 


Practical circuit 

The circuit diagram of the 2-metre receiver, 
Fig. 2, follows the block diagram quite 
closely. At the RF input there is a low-noise 


preamplifier based on the BF981 dual-gate 
MOSFET. The antenna signal is connected to 
a 50-Q tap on inductor Li. The amplifier out- 
put signal is coupled inductively to the IF 
amplifier via Li-Co and Ls-Cii. These two 
VHF L-C tuned circuits form a critically 
coupled bandpass filter with a bandwidth of 
about 2 MHz to give the receiver the initial 
preselection required to cope with strong 
out-of-band signals. 

The NE612 (IC1) is an integrated double- 
balanced mixer and oscillator from Signetics 
(Philips Components). It is an improved ver- 
sion of the NE602, on which design notes 
ed in Ref. 1. The block diagram 
12 is given in Fig. 3. Here, the on- 
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Fig. 1. Block diagram of the receiver: a classic superheterodyne. 
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. 2. Circuit diagram of the 2-metre FM receiver. Note that the IF amplifier, limiter, FM demodulator, S-meter driver and squelch functions 
are all combined in a single IC, the NE604. 
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Fig. 3. Block diagram of the NE612 inte- 
grated double-balanced mixer (courtesy 
Signetics). 


chip oscillator is connected to an L-C tuned 
circuit of which the resonant frequency is 
determined by a pair of variable capacitance 
diodes. The tuning voltage is supplied by a 
combination of a multiturn potentiometer, 
Pı, a fixed resistor, Re, and a preset poten- 
tiometer, P2. Correctly aligned, the VCO has 
a tuning range from about 133 MHz to 
135.5 MHz, which covers the 2 metre band 
adequately. Depending on the setting of P2 
and the value of C17, the VCO range can be 
made larger, for instance, in the USA where 
the 2-metre band extends from 144 MHz to 
148 MHz (note, however, that the lower end 
of the band is not used for FM traffic). 

The IF output signal is taken single- 
ended from the mixer output and fed to the 
10.7-MHz IF quartz filler via a coupling ca- 
pacitor, C19. The input and the output of the 
quartz filter, XFi, are matched by tuned cir- 
cuits Li2-C»1 and L13-C?5 respectively. 

As already mentioned, the NE604 (IC2) 
combines a number of functions in this cir- 
cuit. The block diagram in Fig. 4 tells the 
whole story. A 10.7-MHz ceramic filter, FL1, 
is inserted between the output of the first IF 
amplifier and the limiter input of the second 
IF amplifier on board the NE604. The quad- 
rature (FM) detector is connected to a ready- 
made 10.7-MHz inductor, Lis, via coupling 
capacitors Ci and C2. Pin 7 of the NE604 sup- 
plies the demodulated signal ahead of the 
mute circuit (see the block diagram). This 
unmuted signal may be used for AFSK 
decoders and other equipment (packet radio 
TNC) that must always work, irrespective of 
the set mute level. The signal is brought out 
to a jumper block marked D, which allows 
ready connection to a screened cable. 

The mute (squelch) level is set by poten- 
tiometer Ps, with preset Pa acting as a 
‘coarse’ control, The S-meter (signal 
strength) driver consists basically of a FET, 
T2, and two anti-parallel diodes, D2-Ds, con- 
nected across a moving-coil meter, Mi. The 
meter may be given a meaningful range by 
adjusting presets balancing presets, Ps and 
Po. 

The demodulated FM signal is taken 
through a de-emphasis section, C4-Ri0-C3, 
and is then applied to a FET stage that pro- 
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vides sufficient drive for the AF output am- 
plifier, ICs. An L-C series filter is included in 
the signal path to suppress frequencies 
above 3 kHz. The audio output signal is fed 
to a loudspeaker, or to a pair of headphones 
via an external jack socket with a break con- 
tact, Ji. When a plug is inserted in the head- 
phones socket, the loudspeaker is 
automatically disconnected. 

The receiver has an on-board 8-V supply 
based on a low-drop voltage regulator Type 
L4885CV, which enables input voltages 
down to about 10 V to be used (battery oper- 
ation!). Where the L4885CV can not be ob- 
tained, it may be replaced by an 7808, which 
works with input voltages of 12 V and 
higher. The 8-V supply voltage is decoupled 
at a number of places in the circuit with the 
aid of small ferrite chokes and ceramic capa- 
citors to ground. The current consumption of 
the receiver depends on the output volume, 
and lies between 45 mA and about 200 mA. 


Construction 


It is strongly recommended to build the re- 
ceiver on the ready-made double-sided 
printed circuit board supplied through the 
Readers Services. This board, of which the 
artwork is shown in Fig. 5, is pre-tinned, 
double-sided, pre-drilled, and has a compo- 
nent layout printed on the component side. 
Start the construction by winding the induc- 
tors as indicated in Table 1. Next, insert the 
coffin-style capacitor, Cs, into its slot in the 
PCB. The ‘shoulders’ of this capacitor should 
rest on the component side of the PCB. 
Solder the device carefully at the two sides, 
and check that it does not form a short cir- 
cuit. Put the MOSFET, Ti, in the hole, and 
align its terminals over the three copper 
tracks (gate 1; gate 2, drain). The type indica- 
tion printed on the MOSFET is legible from 
the component side. If necessary cut the g1 
and g2 terminals. Solder all four terminals. 
The source terminal is soldered direct on to 
the ground plane. 

Use pliers to bend the stator terminals of 
all five foil trimmers horizontally. Fit trim- 
mer C5, and solder the stator terminal flush 
on to the copper track to g1 of the MOSFET- 
The two rotor terminals are soldered at the 
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solder side of the board. The g2 biasing resis- 
tors, Ri and R2, are soldered direct to the g2 
side of the coffin capacitor. Similarly, the 
drain resistor, R5, is soldered direct to the 
copper track for the drain. C2 is ‘in the air’ be- 
tween the drain track and the tap at the 
earthy (‘cold’) side of Li. The solder junc- 
tions between the trimmers, the matching in- 
ductors and the input and output terminals 
of the quartz filter are also ‘in the air’. 

The ‘hot’ side of L4 and Ls is soldered di- 
rect to the stator terminal of the respective 
trimmer capacitor, C9 and C11. The air-cored 
inductors, Li, L4 and Ls, are stretched by 
spacing the turns evenly. After soldering, the 
toroidal core inductors, Li? and L13, are se- 
cured to the PCB with a drop of wax. Do not 
yet mount the screening can of the VCO in- 
ductor, Lo. 

The remainder of the construction is 
fairly straightforward. All components are 
mounted with the shortest possible lead 
length. IC sockets must no be used. Fit solder 
pins for the connections to the external parts. 

Inspect your work so far, paying particu- 
lar attention to short-circuits between com- 
ponent terminals and the copper ground 
plane. 

Nest, cut and bend a 20-mm wide piece 
of tin plate or thin brass, and place it verti- 
cally on the dashed outline printed on the 
component side of the PCB, outside the 
solder pins in the four corners. Look at the 
position of the input BNC connector, and 
make a clearance in the screening large 
enough to passover the teflon shaft. Another 
clearance is required where the screen 
passes over the tracks to potentiometer Ps. 

Solder the screening all around to the 
ground plane. Next, cut three 50-mm long, 
20-mm high, pieces of the same material, and 
align these between the long sides of the 
screening, over the dashed lines on the PCB. 
Look at where the screen passes over the 
drain track of T1, and make a small clearance 
to prevent a short circuit. Similarly, the 
screen that separates the input and output of 
the quartz crystal filter must have a clear- 
ance at one side for the quartz filter. Do not 
solder the screen to the quartz filter enclo- 
sure, as the device is easily damaged by 
overheating. 
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Fig. 4. 





Block diagram of the NE604A FM IF system (courtesy Signetics). 
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Fig. 5. Component side and solder side layouts (mirror images), and component mounting plan of the PCB for the 2-metre receiver. 
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COMPONENTS LIST 














Resistors: 2 470pF C4;C32 

4 100kQ R1;R2;R4;R5 1 47gF 10V radial C38 

1 1kQ R3 1 47uF 25V radial C39 

1 47kQ R6 1 220uF 10V radial C40 

2 150kQ R7;R10 

1 10kQ R8 Inductors: 

1 470kQ R9 Winding details are given in Table 1. 

1 4kQ7 R11 Required materials: 

1 470 R12 7 3-mm long ferrite bead 

1 100k linear multiturn P1 1 7V1S assembly (Neosid) 

1 100kQ preset H P2 2 T37-6 toroid core (Amidon) 

1 470kQ lin. potentiometer P3 1 10mH radial choke (Toko 181LY103) 

1 50kQ preset H P4 1 KACS(K)4520A or KALS4520A (Toko) 

1 10kQ preset H P5 1 mm dia. silver-plated wire 

1 1kQ preset H P6 0.8 mm dia. enamelled copper wire 

1 4KkQ7 log. potentiometer P7 0.2 mm dia. enamelled copper wire 

Capacitors: Semiconductors: 

2 100pF C1,012 1 BB204B DI 

1 4pF7 ca 2 1N4148 D2;D3 

2 20pF trimmer (green) C24;C25 1 1N4001 D4 

3 TpFtrimmer(grey)  C5;C9;C11 1 BF981 Ti 

1 1nF coffin C6 2 BF256A T2;T3 

2 10nF C7;C13 1 NE612 ICt 

1 1nF c8 1 NE604AN Ica 

2 22nF C10;C15 1 TDA7052 Ica 

2 47nF C14;C35 1 L4885CV Ica 

2 15pF C16;C20 

2 12pF C19;C26 Miscellaneous: 

1 33pF C17 1 BNC socket K1 

1 68pF C18 1 2504A moving coil meter M1 

1 1uF 16V radial C21 1 80Y/1W loudspeaker Ls1 

3 470nF C22;C23;C34 1 jack socket w. break contact 

1 47pF C33 (not on PCB) Ji 

1 220pF ca 1 10.7M15A crystal filter XF1 

1 12nF C36 1 CFSK107M3 ceramic filter (Toko) 

6 100nF C27-C31:C37 1 Printed circuit board. 910134 
——J 





Finally, secure Ki to the PCB surface by 
bolting it down with a clamp. 


Adjustment 


The adjustment of the receiver requires a 
VHF signal generator and a frequency 
meter. If you do not have access to a signal 
generator, you may need to call in the help of 
a local radio amateur willing to set up a test 
signal ‘on the air". 

Connect the external controls, the loud- 
speaker and the S-meter to the board, In- 


itially, set all trimmers and presets to the 
centre of their travel. Connect the signal gen- 
erator (or the antenna) to the receiver input. 

First, concentrate on the VCO. Apply 
power, and check that the board supply volt- 
age is 8 V. Couple the frequency meter in- 
ductively to Lo (with a small coupling loop), 
or capacitively (with 10 pF or so) to pin 7 of 
ICi. Adjust the core in L9 until you are 
roughly at 134 MHz, then adjust P2 until the 
VCO range is about 133 MHz to 135 MHz. If 
necessary, stretch or compress the turns of L9 
carefully until the desired VCO frequency 





2-METRE FM RECEIVER 


range is obtained (remember, the IF is 
10.7 MHz). In some cases, it may be neces 
ary to change the value of C17, or increase the 
number of turns of L9 from 1.5 to 2. 

Switch off, fit the screening can on Le and 
measure the VCO range again. Redo the 
above adjustments as required to compen- 
sate the effect of fitting the can. Do not solder 
the tabs at the sides of the can until you are 
satisfied with the VCO range. 

Tune the demodulator to 10.7 MHz by 
turning the core in Lis for highest noise out- 
put (you may have to adjust the squelch con- 
trol, P3, to hear the FM noise). Next, peak C24 
and C25 for maximum noise output also. 

Apply an FM-modulated 2-m test signal 
to the RF input. Start with a fairly high level, 
say, 500 uV. Tune the receiver to this signal, 
and adjust Cs, C» and Cii for minimum 
noise. Reduce the signal level as you ap- 
proach the optimum setting of these trim- 
mers. In particular the 2-m band filter will be 
found to be pretty selective, i.e., critical to ad- 
just. 





If necessary redo the adjustment of Lis 
for undistorted output (it is best to use a test 
tone for this). 

Reduce the RF input level until the signal 
is just about audible. Again peak the IF and 
RF trimmers for minimum noise, and if 
necessary ‘throttle’ the RF signal even fur- 
ther. Our prototype was adjusted in this 
way, and achieved a sensitivity of between 
0.1 LV and 0.15 uV for an S/N (signal-to- 
noise ratio) of about 12 dB. This was found 
comparable to the performance of a typical 
commercial-grade receiver as used in mobile 
2-metre transceivers (the test was made 
against an FT227RA mobile rig from Yaesu) 

Finally, adjust the two presets at either 
side of the S-meter connections until the 
meter gives a sensible indication of the signal 
strength (switch the generator between low 
and high output levels). Since S-reports have 
little meaning in FM communication, and 
the standards used to indicate and compare 
signal strength are a subject of hot debate be- 
tween radio amateurs, it makes little sense to 











try and calibrate the meter in S points. — N 
Reference: 
1. "NE602 Primer". By Joseph J. Carr. Elektor 


Electronics January 1992. 








Table 1. Inductors 

Position Description Core No, of turns Wire dia. 
L1;L5 VHF air-cored none 8 1mm CuAg 
L2;L3;L6;L7; 

L8;LTO;L11 VHF choke 3mm ferrite bead 4 0.2mm CuL 
L4 VHF air-cored none 8 1mm CuAg 
L9 VCO 135MHz Neosid 7ViS 1.5 0.8mm CuL 
L12;L13 10.7MHz T37-6 toroid 50 0.2mm CuL 
L14 10mH choke 2 “ y 


Note(s) 
Tap at 2 turns from cold end; internal 
diameter 6mm; space turns to fit PCB. 


Tap at 1 turn from cold end; internal 
diameter 6mm; space turns to fit PCB. 


Space turns. 
Secure core with wax; approx. 10uH. 
Toko 181LY103 radial. 
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8051/8032 ASSEMBLER COU 


PART 3: HARDWARE 
EXTENSIONS FOR 
THE 80C32 SBC 


by Dr. M. Ohsmann 


After our first dealings with 
programming in assembly 
language, we now present 


an intermezzo in the course. Some useful 
single-board computer described roughly a ye 


accommodated on a single printed circuit board. 


The extension board is simply connected to 
the 64-way DIN a-c plug on the single 
board computer (SBC). All inputs and out- 
puts of the present extension card are con- 
veniently located at the edge of the PCB, 
and have suitable connectors where these 
are useful. The combination of the SBC 
and the extension card forms a simple and 
versatile microcomputer system based on a 
MCS52 microcontroller IC. The many 
possibilities of the extension card will be 
discussed with reference to the circuit di- 
agram in Fig. 11. 


The interfaces 


Reset 

Push-button Si resets the SBC. After a 
reset, all four LEDs D1-Ds light. When the 
SBC runs the courseware monitor pro- 
gram, EMONSI, the reset key must be 
pressed before a download operation to 
start the monitor. 


Serial interface 

The SBC has a serial interface that can be 
used to link the board to a terminal (or 
"console" ) or the RS232 port of a PC run- 
ning communication software. The inter- 
face transmits data via the TxD line (pin c8 
on the 64- way DIN plug), and receives data 
via the RxD line (pin c7). The link to a PC 
is readily made by connecting TxD, RxD 
and ground to the appropriate pins of a 9- 
way sub-D connector, and fitting jumper 
JP) in position ‘A’, and jumper JP2 in posi- 
tion *B'. With some other applications, the 
TxD and RxD lines of the SBC may be 
used for MIDI communication, in which 
case the jumpers must be removed al- 
together. 








Port P1 
The bidirectional driver used on port P1 of 





the SBC allows the whole port to be used 
as an input or an output only, i.e., 
input/output programming of individual 
lines is not possible. On the extension 
board, port PI is used as an output. The 
port line functions are listed in Table 1. 





Table 1. Port P1 bit functions 

P1.0 Serial output (JP1-B), or 
MIDI (JP3-B) 

P1.1  Loudspeaker output 

P1.2 Positive edge triggers 
monostable IC8a 

P1.3  Notused 

P1.4 LEDD1 

P1.5 LEDD2 

P1.6 LEDD3 

P1.7 LEDD4 











MIDI input 

Socket Ke supplies the MIDI signal to a 
fast optocoupler, IC. The output signal of 
the optocoupler is fed to jumper JP? via a 
Schmitt-trigger. When the MIDI is used, 
jumper JP2 must be set to position ‘A’ to 
enable the MIDI signal to be conveyed to 
the serial interface of the SBC. In some 
cases, voltage divider R20-R2i on the SBC 
may attenuate the signal to the extent 
where it is no longer TTL-compatible. 
Should this happen, R20 may be reduced to 
1 kQ. Fortunately, this was not necessary 
on our prototype. 


MIDI output 

Jumper JP3 allows you to determine which 
signal is taken to the MIDI output, socket 
Ks. In position ‘A’, the TxD signal of the 
serial interface on the SBC is used, in posi- 


SE 






sions are proposed for the 80C32 
fithis magazine. All extensions are 


tion ‘B` bit 0 of port Pl. The latter option 
may be useful when the internal serial in- 
terface of the 80C32 is used for other func- 
tions. The MIDI output signal on P1.0 is 
then generated by software simulating a 
serial output device. 


Memory-mapped 1/0 

The SBC reserves the address range above 
OCOOOH in the external data memory for 
inpuUoutput operations, Decoders ICi and 
IC ‘map’ the address range as shown in 
Table 2 








Table 2. Address functions in I/O 
range 
COOOH Read: data in latch IC9 
Write: value to DAC 
C001H Read: LCD command 
status 
Write: LCD commands 
CO002H Read: data in IC3 
Write: data to IC5 
C009H Read: data from LCD 
Write: data to LCD 











These options can be used for the /O 
functions listed below. 


D-A and A-D converter 

Resistors Ri2-R26 and R31 form an R-2R 
network that functions as a digital-to-anal- 
ogue (D-A) converter in combination with 
ICs and ICe. The content of latch IC9 
(which is addressable at 0CO00H) is avail- 
able as an analogue value at the output. The 
maximum value of the output voltage is 
reached when IC» contains OFFH, which 
corresponds to about 2.5 V. The D-A out- 
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put voltage 1s also applied to comparators 
Cob, ICo: and ICs. These allow the output 
voltage to be compared to three levels at 
the analogue inputs. The comparator out- 
puts may be read via address 0COO0H, 
which creates 4 simple 3-input ADC, The 
individual functions of the ADC bits at 
0CO000H are listed in Table 3. 


Keys and monostable 
The functions of the remaining bits stored 
at address 0COO0H are shown in Table 3. 
As you can see, four switches (or push- 
buttons) are available for your own appli- 
cations, e.g. for starting certain functions. 
Monostable ICs; makes it possible to im- 
plement a simple capacitance meter. The 
capacitor to be measured is connected to 
K9. Software is used to trigger the mono- 
stable via bit 2 on port P1. and then read 
the time that lapses before the monostuble 
toggles ugain. This can be monitored by 
reading bit 3 at address OCODOH. See also 
Ihe assembler file EBTST6.A51 on your 
course disk! 








Table 3. 1/0 bit functions 


Read IC10; address = CO00H 


Bit 0: High when Un (input 1) > Ubac 
Bit i: High when Uin (input 2) > Upac 
Bit2: High when Up (input 3) > Upac 
Bit 3: High when monostable active 

Bit 4: High when key S5 not pressed 
Bit 5: High when key S4 not pressed 
Bit6: High when key S3 not pressed 
Bit 7: High when key S2 not pressed 








Parallel 8-bit input/output 

The eight logic levels (bits) at connector 
Ks may be read at address 0C002H. The 
same address is also used to output 8-bit 
datawords via latch ICs and connector Ka. 
This cereales byte-wide input/output inter- 
faces, 
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LC display 

A liquid erystal display (LCD) may be con- 
nected to Ki. The LCD types that may be 
used, and their connection details, are 
shown in the inset. Although the control 
signals generated by the extension board 
do not meet the exact timing requirements 
of the LCDs, they caused no problems in 
our set-up. The timing may be more criti- 
cal, however, with displays other than the 
types listed. The LCD signals (on connec- 
tor Ki) and their functions are listed in 
Table 4. 








Power supply 

The extension board is conveniently 
powered by the 5-V regulator on board the 
SBC. Make sure that the regulator is suffi- 
ciently cooled when further loads such as 
LEDs or relays are connected 





Construction and test 


The construction of the extension board is 
mostly straightforward soldering work 
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Fig. 11. 
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Circuit diagram of the extension board for the 80C32 single-board computer. 




















COMPONE LIST 


Resistors: 

9 10kQ R1-R4;R27-R30; 
R32 

1 47k R5 

1 8-way 10kQ SIL R6 

5 4700 R7-R11 

9 20k2 1% R12-R19;R31 

7 10kQ 196 R20-R26 

2 2200 R33;R34 

1 470k R35 

1 1000 R36 

T kQ R37 

1 10kQ linear P1 

Capacitors: 

8 100nF C1:C7-C13 

4 1nF C2-C5 

1 2204F 16V ce 

Semiconductors: 

4 rectangular LED D1-D4 

3 1N4148 D5;D6;D7 

2 74HC138 IC1;1C2 

2 74HC541 IC3C10 

1 74HC14 IC4 

2 74HC574 ICc5,ic9 

1 LM324 Ice 

1 6N136 \c7 

1 74HC123 IC8 

Miscellaneous: 

1 14-way box header Kt 

1 64-way a-c row, female, 


angled, DIN K2 
3 8-way pin header K3;K4;K8 
2 5-way PCB-mount DIN 
socket K5;K6 
1 9-way PCB-mount female. 
sub-D connector K7 
1 2-way PCB-mount terminal 
block, pitch 5mm K9 
1 Push button SPST S1 
4 Switch SPST $2-S5 
1 8Q miniature loudspeaker LS1 
1 Printed circuit board 910109 








Table 4. LC display connections 


Pin Function 

Ground 

*5V 

Contrast (adjust with P1) 


RS; register select « IOA3 
0 = command 
1 - data 
5 RD; read (active high) 

0 - write 

1» read 
6 E; enable (active high when 
address selected) 
0C001H = command transfer 
to/from LCD 
OCOOSH = data transfer 
to/from LCD 


7 to 14 Databus bit 0 to 7 


fon 
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Type Lines x characters 

H2570 1x16 Hitachi 
H2572 1x40 Hitachi 
LMO16L 2x16 Hitachi 
LMO18L 2x40 Hitachi 
LM038L 1x20 Hitachi 
LM1612A 1x16 Sharp 
VK2116L 1x16 Vikay 


y — NEM | 








ad 


or in two rows of 7 at either side of the 


numbered in pairs (see drawing above). 
The wire numbers 1-14 at the other end 


marker on the IDC socket as shown. 





LCDs: types and connections 


Manufacturer 


An LCD module has 14 connections, arranged in a single row of solder points, 
directly to a piece of 14-way flatcable. Pin 1 is marked by a ‘1’ on the display 
board. Attention: when there are two connection rows, the solder points are 


corresponding pin numbers on header K1 on the extension board via an IDC 
Socket (see drawing). Wire ‘1' in the flatcable should go to the side with the 














PCB. It is best to solder these points 


of the flatcable are connected to the 








The artwork of the double-sided PCB is 
shown in Fig. 12. It is recommended to use 
IC sockets because the board will on- 
nected frequently to experimental circuits, 
which may not work as expected, and dam- 
age ICs on the extension board quite easily. 
Along the same train of thought, it is better 
not to fit the SBC and the extension board 
in an enclosure. The introductory photo- 
graph shows our prototype with the two 
boards fitted on a length of perspex—a 
readily accessible system! 

Although you may follow this course 
without building the proposed hardware 
extensions, it must be noted that the pro- 
gramming examples that make use of the 
added hardware (files EBTST*.* on the 
course disk) are an excellent introduction 
to practical harware-software interfacing, 
ranging from simple input/output devices 
(push-buttons and LEDs) to more complex 
applications: a capacitance meter, ADC 
and DAC control, and, of course, LCD 
control. 

Likewise, some of you may be inter- 
ested in the present hardware only to ex- 
tend the possibilities of the 80C32 
computer or a similar MCS52 microcon- 
troller system. The following procedure is 
recommended to test the extension board if 
this is used independent of the program- 
ming course. First, test the output function 
of port P1. This is easiest done by driving 
the loudspeaker, and making the LEDs 
flash. Next, check the function of the serial 
interface after fitting the jumpers appropri- 
ately. Proceed with the DAC: output a saw- 
tooth via address OCOOOH, and use an 
oscilloscope to check the waveform and 
the peak amplitude (approx. V). Apply 
à test voltage between 0 V and 2.5 V to the 
analogue inputs, and check the function of 
the comparators by reading the data at ad- 






























dress 0C000H. The correct function of 
keys S2 to Ss is verified similarly. Next, 
ry out a couple of read and write oper- 
ations to and from 0CO002H to check that 
the parallel input/output interfaces ( Ks and 
K4) work. Finally, test the LCD and the 
MIDI interface with the aid of small pro- 
grams. Suitable examples to do so may be 
found on the course disk 4 





Next time: we continue the course with as- 
sembly language programming. 


JOIN THE COURSE! 


What you need to follow this course: 


* a 8032/8052AH-BASIC single 
board computer as described 
in Elektor Electronics May 
1991, The preferred CPU is a 
8051 or a 80C32. 
Alternatively, any other 
MCS52-based microcontroller 
system (but read part 1 of the 
course); 


* acourse diskette (order code 
ESS 1661) containing 
programming examples, 
utilities, and an assembler; 

* amonitor EPROM (order code 
ESS 6091). 


* an IBM PC or compatible 
operating under MS-DOS, or 
an Atari ST with a 
monochrome display. 


Appeared so far: 

Part 1: Introduction (February 1992); 

Part 2: First 8051 instructions (March 
1992). 











PULSAR — A REVIEW 





;SIGNERS of digital equipment are 
fully aware of the difficulties of test- 

ing their designs to confirm that the logic 
of the design works according to plan. 
Even more difficult, rather as with com- 
puter programs, is the ability to conduct the 
infinite number of tests to prove that there 
are no bugs or glitches in the design some 
of which may only appear when an unusual 
set of conditions exists, or perhaps only 
once every billion clock pulses or so. 

Furthermore, it is very expensive in 
time and labour to build breadboarded 
prototypes to conduct the tests on. The 
probability of destroying expensive digital 
devices is even more off-putting! However 
all is not lost! A recent addition to the pro- 
fessional software packages produced by 
Number One Systems Ltd. is ‘PULSAR’ a 
digital logic circuit simulator program 

Pulsar is a full featured simulator that 
allows designs to be tested without the 
need of constructing those expensive 
breadboards and prototypes. The circuit 
design can be tested on your PC and modi- 
fications made until the circuit functions as 
required — all without using a soldering 
iron in anger, or blowing up any expensive 
ICs. 





Pulsar 


Pulsar is a digital logic circuit analyser pro- 
gram that runs on PC/XT/AT/286/386/ or 
486 computers running under MS-DOS 3.0 
or later and with either EGA or VGA 
graphics, preferably colour. The minimum 











by Mike Wooding G6IQM 


RAM requirement is 512 KBytes, and the 
software is supplied on both 5.25" and 3.5" 
format floppy discs. 

It is almost imperative to have a hard 
disk drive, as the program keeps a high pro- 
portion of its temporary data on disk during 
operation, and if using a floppy-only based 
machine the operation of Pulsar will be ex- 
tremely slow. 

The program also supports the use of a 
mouse and a choice of either 9 or 24-pin 
dot-matrix printers or HP Laserjet Il 
printers. 











The user manual 


The comprehensive user manual is pack- 
aged in an AS ring binder, which will allow 
for the easy insertion of upgrade instruc- 
tions, personal notes, elc. The opening 
pages of the manual deal with the installa- 
tion and running of the program. 

The next section in the manual is called 
‘First Impressions’ and gives an overview 
of the screen presentations and some of the 
basic commands used to manipulate these 
screens and move around in them. Once the 
user is familiar with these basic commands 
then it’s on to the next section, "The Grand 
Tour 

The ‘Grand Tour’ comprises the greater 
part of the user manual and takes the user 
through a step-by-step simulation; from 
entering the initial design netlist, to the 
final proven circuit. To assist with the in- 
struction, a predesigned divide-by-three 
circuit is used as a practical example, from 




















which a netlist is compiled. 

Note: a netlist is simply a file of logic 
connections between the various devices 
within a digital circuit and their relative 
logic states, The libraries available within 
Pulsar contain netlist outlines for basic 
logic gates, 74LS series and 4000 CMOS 
series devices. 

After the chapter dealing with the net- 
list editor and the making of a netlist for the 
circuit, the section explaining how to ac- 
tually run the analyser is reached. Firstly, 
selecting a signal source, or generator, for 
the input, is dealt with and then a detailed 
look at the simulated circuit follows. 

The ‘Grand Tour’ then goes on to deal 
with modifying the circuit to correct any 
faults, creating generators, selecting 
printers, combining circuits and using the 
libraries. 

The remaining sections of the user ma- 
nual deal with customising Pulsar to your 
exact requirements, using DOS within the 
program and using the DOS shell. Finally, 
there are lists and explanations of the three 
built-in libraries of Pulsar, which will be 
discussed later, 














The analyser 


Once a circuit netlist has been created and 
a suitable generator selected, Pulsar simu- 
lates the circuit operation and displays on 
the screen a timing diagram, such as one 
sees on a conventional logic analyser. As 
with a conventional logic analyser, one can 
also see if any spurious signals are present 
on the timing waveforms. However, here 
the similarity really ends. 

The display screen is divided into three 
main areas. The top of the screen contains 
the main menu, showing Pulsar's top-level 
commands, with the currently active mode 
highlighted. The program defaults to the 
analyser mode on start-up. The other 
modes are: 











Customises Pulsar. 

Sets up Pulse Generators. 
Maintains Component 
libraries. 


Configuration 
Generators 
Libraries 


!'DOS Manipulates Files and 
Directories 

FlHelp On-line help information. 

Quit Leave Pulsar. 


Also shown in the menu area are the file 
name and cursor control characters. 


Configuration: this command selects a set 
of menus which allow the default par- 
ameters for Pulsar to be set according to the 
users choice. The default search paths for 
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files, the time and date format. etc., can all 
be preset by the user and the configuration 
saved. 


Generators: this menu allows generators 
(input signals) to be modified or developed 
according to the requirements of the simu- 
lation. 


Libraries: the library command allows the 
various libraries to be scanned and manipu- 
lated. 


!DOS: selecting this command displays a 
menu of basic DOS commands which are 
available for use without leaving Pulsar. 
Also selectable is a DOS Shell, which 
allows you to exit Pulsar to the DOS 
prompt, but without losing any data curren- 
tly held in Pulsar. Quitting the DOS Shell 
returns you to Pulsar, exactly where you 
left it. 


FIHELP and Quit are self-explanatory. 


The main area of the screen is devoted to 
the analyser display, with the two mo- 
veable cursors. 

At the bottom of the screen is a sub- 
menu of control commands and the time 
readouts for the cursor positions and the 
ale factor of the display area. 





With Pulsar you are not limited to how 
many pods (connecting ports) are available 
(conventional logic analysers have 8 or 16, 
sometimes 32, but we are talking expens- 
ive here!). as the display shows all the 
input. clock and output waveforms detailed 
in the netlist. If you want to see the timing 
diagram at a particular point in the circuit, 
you simply add it to the netlist. 


Furthermore, another feature of Pulsar 
which makes it superior to a conventional 
analyser is that it is not limited to a window 
in time: i.e., conventional analysers are, to 
all intents and purposes, not real-time ma- 
chines, the display is limited to a particular 
period of time, However, with Pulsar the 
simulation is continuous, and you can 
zoom in or out in time, so that even glitches. 
that occur very seldom can be captured. 

n essential feature of the zoom facility 
is that, because you can expand the dis- 
played ume zone down to a few nanosec- 
onds if you wish, the actual widths of any 
glitches or pulses can be measured accur- 
ately. To enable this to he achieved Pulsar 
has two moveable cursors on the display; 
an ‘Absolute’ one and a "Relative" one. 
Both cursors are easily positioned any- 
where on the display by simple key- 
board/mouse actions, and at the bottom of 
the display time values for each cursor are 
displayed. 

The *Absolute" cursor time display is 
given as the cursor position in time from 
the start of the simulation. The "Relative" 
time display is given as the difference in 
lime. positive or negative, between the two 
cursors. 
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Thus, by positioning the ‘Absolute’ cur- 
sor at the start of a pulse or whatever, and 
then positioning the ‘Relative’ cursor at the 
end of the pulse or zone to be measured, the 
pulse width or the elapsed time can be read 
directly, Facilities to enable quick posi- 
tioning of the cursors are available, A 
"Snap! command will ensure that the cur- 
sor being moved will align itself exactly 
with the nearest leading/trailing edge to the 
mouse/keyboard pointer when moved, A 
"Scroll? facility is also available to quickly 
move the active cursor (the one selected for 
moving) across the display. A ‘Pan’ com- 
mand always centres the display around 
the currently active cursor, so that when 
zooming in or out the selected area of the 
display will always be visible. 

An important aspect of Pulsar is the 
ability to define the signal source, or gen- 
erator, From a simple 50:50 mark:space 
square wave at any defined frequency, to 
an extremely complicated pulse train can 
be used. When specifying the generator, 
simply typing anything beginning with a 
number and containing the letters “HZ is 
interpreted as a simple frequency gener- 
ator. Typing in anything else will prompt 
Pulsar to search for a generator file with 
that name. 

Complex generators can be created in 
the Generator screen and saved with an ap- 
propriate file name for use whenever re- 
quired. Generators in use at any time can 
be modified in the generator screen, and 
the effect of the changes on the circuit 
under anal: displayed immediately on 
the analyser display screen. 

There are more features of Pulsar than 1 
have covered here, but to attempt to ex- 
plain them and their uses is somewhat 
point s you really need to have Pulsar 
"live" in front of you to understand their ac- 
tions. Suffice it to say that they are well ex- 
plained in the user manual. 




















The libraries 


As | mentioned earlier there are three in- 
built libraries in Pulsar. which make the 
creating of netlists much quicker. The li- 
braries are: 








1. PRIM.LIB: a library of primitive logic 
elements, such as buffers, inverters, AND 
gates, OR gates, latches, etc. 





2, 74LS(1),PLB AND 74LS(2).PLB: a li- 
brary of over 120 component models 
covering the low-power Schottky TTL 
family 


3. 4000.PLB: a library of over 90 compo- 
nent models covering the 4000 CMOS 
family. 


When building up netlists for a circuit, then 
by naming the component type being used, 
Pulsar responds by reading the pin and par- 
ameter information from the library for the 
device. All you have to do is enter the 
various connection details. 


Circuit blocks previously designed and 
tested can be added to the libraries, which 
is a useful feature if you are using a com- 
mon circuit time and time again. 

A useful feature of the basic logic ele- 
ments found in the PRIM.LIB is that the 
transition delay through an element can be 
varied to emulate circuit and design condi- 
tions. A sub-menu from the Generator 
menu gives various delay parameters that 
can be modified. A feature of the delay 
modifiers is that the delays, both minimum 
and maximum, can be sel to values which 
exceed the nominal values for the device(s) 
in the circuit. Another useful feature is that 
the delays can be modified on a global 
basis, thus allowing the simulation of the 
circuit to show the results of using different 
families of logic devices. 


PULSAR — A REVIEW 


Conclusions 


Creating a netlist for a circuit design is not 
as daunting as it may first appear, and 
never having done so before I followed the 
instructions, and in a very short time got to 
grips with the concept and created the net- 
list for the example circuit. Following the 
instructions I then connected my generator. 
uit and presented 





the results on the screen. 


Upon running the analyser and playing 
with the many and varied features, it soon 
became evident that the facilities available 
are quite extensive. The versatility of the 
package as a design testing tool is unques- 
tionable. Having used conventional logic 
analysers in the past I can imagine that in a 
development environment Pulsar would be 
far more ideal. The fact that a design circuit 
does not actually haye to be built would be 
‘at advantage. That, coupled with 
ty of Pulsar to detect glitches down 
to 1 picosecond per week for example, 
proves that the system is a must for digital 
designers, 

Although I barely scraped the surface of 
Pulsar's capabilities, | can recommend it to 
anyone engaged in digital design and test- 
ing work, Armed with his/her trusty PC 
and this software, a designer should be able 
to clear all but the most deeply nested bugs 
in any complex logic circuit. Highly rec- 
ommended. L] 














I wish to thank Mr. Espin and the staff of 
Number One Systems Limited for their 
help and advice, and for the review sofi- 
ware. 


PULSAR is priced at £195.00 + £4.75 p&p 
+ VAT and is available from: Number One 
Systems, Harding Way. St. Ives, Hunting- 
don, Cambs PEI7 4WR. England. Tele- 
phone: (0480) 61778. Fax: (0480) 494042 


MOTOR SPEED LIMITER 


Design by K. Walraven 


Small, compact motors as used in circle saws, lawn mowers and 
other small electric tools burn out when overloaded. Before that 
happens, its speed will drop appreciably. If, therefore, the speed 
is monitored carefully by the circuit described here, burning out 


MALL motors used in domestic tools are 

often required to carry out tasks for which 
they were not designed: a lawn mower mow- 
ing a lawn that should have been done a 
month previously; a circle saw that uses a 
blade thatshould have been replaced a dozen 
or more kerfs ago. As a consequence, the 
motor is overloaded and gets hot. The ther- 
mal protection, if fitted, is then actuated and 
the motor must be given time to cool off. In 
many apparatuses, the thermal protection is 
not close to the motor, but elsewhere in the 
appliance where it monitors the motor cur- 
rent. Since that current increases proportion- 
ally with the load, overload can, indeed, be 
detected this way 

However, this arrangement doesnot moni- 
tor the temperature of the motor, so that 
consequently the motor still overheats in 
spite of three or four cooling-off periods. 
Nevertheless, the thermal protection will en- 
able the motor (since the current has dropped 
to a ‘safe’ value) and the result is often that 
after a little while the insulation of the cop- 
per wire in the motor gives up the ghost. In 
general, that means that the motor is a write- 
off; it can be rewound, but that is usually al- 
most as expensive as a new motor. 

The circuit described here ensures that 
the situation does not develop to its fatal 
end. Even before the motor begins to get 
warm, the protection becomes active, be- 
cause it monitors the speed of the motor with 
the aid of an electronic sensor. When the 
speed drops asa result of overload, an alarm 
indicator is actuated. If the user ignores this, 
the motor is switched off automatically. This 
ensures that, provided the circuit is set up 
properly, the motor can never get too hot. 





Circuit description 


The circuit in Fig. 1 was designed in the first 
instance for use with squirrel-cage motors that 
have anominal speed of 2600 rev / min. Under 
no-load conditions, this speed will rise to about 
2900 rev / min. Below 2500 rev / min, the motor 
is clearly overloaded and will get warm. 
Thereare, of course, squirrel-cage motors with 
a different nominal speed: for these, the pa- 
rameters of monostable ICj,-ICj, must be 
altered slightly. The same applies to the small 
series-motors used in electric hand-tools. 
The nominal speed is invariably marked on 
the housing of the appliance. 

Sensor IC; is a reflection sensor that de- 


of the motor may be prevented. 


tects the passing of a white dot that the user 
must place on the motor spindle. Every time 
the light of the LED reflected by the white 
dot falls on to the sensor, the motor has trav- 
elled one revolution. This (reflected) light 
causes the sensor’s transistor to conductbriefly, 
whereupon the transistor's collector poten- 
tial drops. This voltage pulse is converted into 
a digital pulse by network T,-IC;;-R2-Rs-Ci, 
which is used as a clock for IC24. A nominal 
motor speed of 2500 rev /min (which is a nor- 
mal speed of motors running with a nomi- 
nal load) corresponds to a pulse rate of about 
42 Hz (period=24 ms). 

Since theduty factor depends, among oth- 
ers, on the width of the white dot, the signal 
is divided by two by bistable (flip-flop) IC; 
The output signal of this bistable is a square 
wave. 

Gates IC}, and IC;. form a monostable, 
whose period is determined by Cz-Ry-P}. The 
time during which the output of the monos- 
table is low is set by P4: a good, practical 
value when a motor with a minimum speed 
(overload limit) of 2400 rev/min is used, is 
about 24 ms. 

The output of the monostable is processed 
by comparator IC. The monostable clocks 
the bistable at a first transition (rising edge). 
If the input to the bistable at that instant is 
still high, its Q output also goes high. This 

















PARTS LISTS 
Resistors: 
R1«3300 
R2 = 470 kQ 
R3=2.2 MQ 
R4 2 10 kQ 
R5=10 MQ 
R6 = 3.9 MQ 
R7=1MQ 
R8 = 220 kQ 
A9 = 220 2 
P1225kQ 





Capacitors: 

C1 =1 pF, 63V 

C2 = 2.2 uF, 63 V 
C3, C6 = 1 uF, 63 V 
C4z1puF 

C5 = 10 uF, 63 V 


Semiconductors: 
D1-D3 - 1N4001 
D4 = LED 

T1 = BC560C 





IC3 = CNY70 
Miscellaneous: 


S1 = SPST switch 
Rei = 12 V/10 A coil, c/o contact 
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indicates that the motor speed has dropped 
too low and that an error message must be 
given. Theexact motor speed at which an error 
must be indicated can be set with P;. The 
longer the mono-time, the lower the motor 
speed can drop before an error is indicated. 

When the supply voltage is switched on, 
the comparator, IC3,, is reset automatically, 
so that power can be supplied to the motor. 
If the motor takes longer than eight seconds 
(standard) to come to full revs, some extra sec- 
ondscanbeobtained by pressing resetswitch 
Sı. As long as that switch is operated, the 
protection circuit cannot disable the supply 
to the motor. 

Networks Rg-Cg and Rs-C; integrate the 
output of the bistable in the comparator. If 
the error persists for more than two seconds, 
the alarm indicator, D4 will light, and after 
eight seconds, the motor is switched off al- 
together, In this way, itshould be virtually im- 
possible for a motor to burn out. But... 











Construction 


The circuit is best constructed on a small 
prototyping board. The reflection sensor must 
be mounted in the motor housing close to 
the spindle. The distance between the white 


dot and the detector must not exceed a few 
millimetres. If the spindle is a light colour, 
so that a white dot would not give enough 
contrast, try a black dot, or make the spindle 
black (black insulation tape). Use screened 
cable toconnect the sensor to the circuit to pre- 
vent the circuit action being degraded by 
noise pulses emanating from the motor. 

It is also possible to use an optocoupler 
as the lightbarrier. A disc witha hole initmust 
then be mounted securely on to the motor 
spindle. At each and every revolution of the 
motor, the LED will then briefly illuminate 





Alternative reflection sensors 
Sharp GP2S04 
Toshiba TLP903 

TLP904 
TRW OPB125A 
OPB253A 
OPW703A 
OPW708 
OPW709 
Texas TIL138 
TIL139 














MOTOR SPEED LIMITER 


thephototransistor. As with the reflection sen- 
sor, the optocoupler provides the necessary 
pulses for proper operation of the circuit. 

Outputrelay Re; isconnected between the 
mainssupply and the motor. Extreme caution 
must, therefore, be observed when the relay 
is energized: touching the mains supply may 
be fatal! 

Fit the circuit in a small, man-made-fibre 
case. The circuit can be powered simply via 
a 9-V mains adaptor. Omission of an on-off 
switch is deliberate: since the motor runs 
when the relay is not energized, it is easy to 
forget to switch on the protection circuit. 
Therefore, never forget to plug the adaptorinto 
a mains socket. It makes good sense to con- 
nect the adapter to the mains in parallel with 
the motor, for instance, by linking it to the 
supply cable of the protected appliance be- 
tween the mains plug and the appliance’s 
on-off switch. a 





1C1 = 4093 
IC2 = 4013 


9v 
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APPLICATION NOTE 


The content of this note is based on information received from 
manufacturers in the electrical and electronics industries and does not 
imply practical experience by Elektor Electronics or its consultants. 


LAMP/SOLENOID DRIVER UGQ5140K 


HEUGQS 140K unipolar Hall effect switch 

is a monolithic IC designed for ma; 
netic attenuation of low-power incaudes- 
cent lamps or inductive loads such as relays 
or solenoids. Included on the chip is a dar 
lington power output that is capable of con- 
tinuously sinking more than 300 mA. Internal 
protection circuitry limits surge (lamp turn- 
ON) or fault currents to about 900 mA. A sen- 
sitive magnetic threshold allows the device 
to be used in conjunction with inexpensive 
magnets or in applications that require rela- 
tively large operating distances. 

Each sensor/driver includes a ma 








etic 











OUTPUT 
GROUND [_ 








Fig. 1. Pinout viewed from branded side. 





sensing Hall voltage generator, opamp, Schmitt 
trigger. voltage regulator and an open-col- 
lector, high-gain darlington power output 
stage. The regulator allows use of the de- 
vice with supply voltages of 4.5-28 V. On- 
chip compensation circuitry stabilizes switch- 











ALLOWABLE PACKAGE POWER DISSIPATION TW WATTS 


AMBIENT TEMPERATURE IW C 


point performance over temperature. 


Circuit description 

The UGQS5140K merges state-of-the-art Hall 
effect sensing and power driving technolo- 
gies to allow precision non-contact actua- 
tion of incandescent lamps or inductive loads. 
It is rated for operation over a temperature 
range of —40 °C to +85 °C as typically re- 
quired in automotive applications. 


Magnetic operation. As shown in Fig 
the output of the device (pin 2) switches low 
when the magnetic field at the Hall sensor 
exceeds the operate point threshold (Bop). 
At this point, the output voltage is Voursaty- 
When the magnetic field is reduced to below 
the release point threshold (Bap). the device 
goes high. The difference in the magnetic 
operate and release points is called the hys- 
teresis (By) of the part. This built-in hysteresis 
allows clean switching of the output even in 
the presence of external mechanical vibration 
and electrical noise 











Current and thermal limiting. Output short 
circuits may be caused by faulty connectors, 
crimped wiring harnesses, or blown load: 
In such cases, current and thermal limit cir- 
cuitry will protect the output transistor against 
destruction. 

Current through the output transistor is 
sensed with a low-value on-chip aluminium 
resistor, The vollage drop across this resistor 
is fed back to control the base drive of the 











‘OUTPUT VOLTAGE IN VOLTS 








output stage. This feedback prevents the out- 
put transistor from exceeding its maximum 
current density rating by limiting the output 
current to about 900 mA. It may also the 
output voltage to increase*. In this mode, 
the device will dissipate an increased amount 
of power**, and the output transistor will be 
thermally stressed. This stress, unless pro- 
tected against (as in the UGQ5140K), will 
cause the device junction temperature to rise 
until it fails catastrophically. 

"Thermal stress protection is provided in 
two manners: delta temperature protection 
and junction temperature protection. Under 
worst-case conditions ( Fig. 4 and Fig. 5) if 
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. 4. Output current under short-circuit 
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Fig. 2. Allowable power dissipation vs tem- 
perature characteri 





Fig. 3. Typical transfer characteristics at 
Ta=+25 °C. 


Fig. 5. Output voltage vs output current. 
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Fig. 6. Typical lamp driver application. 


the output is shorted to supply, the output tran- 
sistor will heat up much faster than the rest 
of the IC. This condition could cause local- 
ized failure in the output transistor. To pre- 
vent damage, a delta temperature limiting 
scheme is used. If a large thermal gradient 
is sensed across the device, the output tran- 
sistor base drive is reduced to lower the out- 
put current. This reduces the power (heat) 
generated by the output transistor. 

When thermal stresses cause the junction 
temperature to reach about +165 °C, a lin- 
ear thermal limiting circuit is activated. This 
circuit linearly reduces the base drive of the 
output transistor to maintain a constant junc- 
tion temperature of +165 °C. In this mode, 
the output current will be a function of the 
heat dissipating characteristics of the pack- 
age and its environment. Linear thermal 
iting eliminates the low-frequency thermal 
oscillation problems experienced by ther- 
mal shutdown (ON-OFF) schemes. 

The output characteristics are shown in 
Fig. 4 and Fig. 5. Note the three distinct op- 
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Fig. 7. Lamp current vs time. 


erating regions: peak limit, delta limit, and 
thermal limit. In practice, the output voltage 
andcurrent may exhibit some oscillations dur- 
ing peak current limiting owing to output load 
characteristics. These oscillations are of very 
short duration (typically 50 ms) and may be 
damped with an external capacitor between 
pins 2 and 4. 

When the fault condition that caused the 
output overload is corrected, the device re- 
turns to normal operating mode. 





Typical applications 

Incandescent lamp driver. High incandes- 
centlamp turn-ON currents (commonly called 
in-rush currents), can contribute to poor lamp 
reliability and destroy semiconductor lamp 
drivers, Warning resistors protect both driver 
and lamp but use significant power when 
the lamp is OFF, while current-limiting re- 
sistors waste power when the lamp is ON. 
Lamps with steady-state current ratings to 
300 mA can be driven by the UGQ5140K 
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Fig. 9. Typical relay/solenoid driver application. 
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Fig. 8. Lamp turn-on time. 


(Fig. 6) without the need for warming or 
current limiting resistors. In applications 
using several sensor/drivers to control mul- 
tiple lamps, the internal clamp diodes may 
be connected together to an appropriate cur- 
rent-limiting resistor and simple ‘lamp tes 
switch, 

As shown in Fig. 7, when an incandes- 
cent lamp is initially turned ON. the cold 
filament is at minimum resistance and will 
normally allow a x10t0 x12 peak in-rush cur- 
rent. As the lamp warms up, the filament re- 
sistance increases to its rated value and the 
lamp current is reduced to its steady-state 
rating. When switching a lamp with the 
UGQS140K, the internal current-limiting cir- 
cuitry limits the peak current to about 900 mA. 
The device will stay in the current limit and 
delta temperature limit modes until the lamp 
resistance increases to its rated steady-state 
value (Fig. 7). A side-effect of this current- 
limiting feature is that lamp turn-on times will 
increase. Typical lamp turn-on times are 
shown in Fig. 8. 








Inductive load driver, Connecting the inter- 
nal clamp diode (pin 3) to the positive supply 
allows relays or other inductive loads to be 
driven directly, as shown in Fig. 9. The in- 
ternal diode prevents damage to the output 
transistor by clamping the high-voltage spikes 
that occur when an inductive load is turned 
OFF. An optional external zener diode can 
be used to increase the flyback voltage, pro- 
viding a much faster inductive load turn- 
OFF current decay, resulting in faster dropout 
(reduced relay contact arcing), and improved 
performance. The maximum zener voltage. 
plus the load supply voltage, plus the clamp 
diode forward voltage should not exceed 
35 volts. a 


* Vou Vgg-CLiurrXRU) 

**Pp- Voli MT 

Source: Data sheet 27695: Sensor Integrated 
Circuit UGQ5 140K: Sprague Semiconductor 


Group, 70 Pembroke Road, Concord, New 
Hampshire 03301, USA. 





MILLI-OHM MEASUREMENT 


Prices of digital 
multimeters have come 
down to a level where they 
are affordable by almost 
any hobbyist. Although 
most multimeters offer a 
fair number of 
measurement ranges, 
including, on some of the 
latest models, frequency 
and capacitance, they are 
not really suited to 
measuring very small 
resistance values, say, in 
the milli-ohm range. The 
adaptor described here 
overcomes this problem. 





R' TANCE values smaller than 10 Q 
or so are notoriously difficult to 
measure because multimeters often lack a 
suitable range, or run into tolerances so high 
that measurement results are at best 'ap- 
proximate’. Examples of low-value resistors 
are shunts used with moving-coil meters, 
and emitter resistors in transistor power am- 
plifiers and power supplies. Typically, such 
resistors have values in the milli-ohm range, 
and are almost impossible to measure accur- 
ately with the aid of a normal multimeter. 

Since low-value resistance measure- 
ments will not be required too often, most of 
you will be reluctant to buy a dedicated 
milli-ohm meter. Therefore, a simple circuit 
is described that functions as a mQ-adaptor 
for use with any 31-digit digital multimeter. 
The measurement ranges created by the 
adaptor are 20 Q, 2 Q and 0.2 Q for full-scale 
deflection. The accuracy that can be achieved 
depends on the multimeter used and the 
tolerance of the reference resistor in the 
adaptor. 

The resistor to be measured is connected 
to the multimeter (set to the 200 mV d.c. 
range) as well as to the adaptor. This creates 
a four-point resistance measurement. 





The basics 


The basic operation of the circuit is easily ex- 
plained with reference to Fig. 1. As soon as 


ADAPTOR 





Design by Ing. B.C. Zschocke 


the resistor to be measured, R,, is connected 
into the circuit, opamp IC1, power FET Ti 
and resistor Ri supply a reference voltage 
Ll. This means that a measurement current 
LU, /Ri flows through the opamp and Ry. In 
the present circuit, a reference voltage of 
100 mV is used, in combination with select- 
able reference resistors of 10 Q, 1 Q and 
0.1 Q. This results in measurement currents 
of 10 mA, 100 mA and 1 A. The multimeter 
is set to the 200-mV range, and connected in 
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Fig. 1. Principle of four-point resistance 
measurement. The opamp is assumed ideal 
here. 


parallel with the test sockets on the adaptor. 
When the multimeter has an accuracy of 
0.1 mV, a resistance of 


0.1 mV/1 A — 100 por 


can be measured in the highest current 
range. The simplicity of this type of measure- 
ment has one disadvantage: the measure- 
ment result can not be read directly from the 
multimeter, which gives a mV indication. 
Depending on the selection of the reference 
voltage and the reference resistor, the con- 
version boils down to a simple multiplica- 
tion with 0.001 (or 1 for mQ values), 0.01 or 
0.1. For example, a meter indication of 
167.8 mV in the 20-2 range corresponds to a 
resistance of 16.78 Q. 


Practical circuit 


The circuit diagram in Fig. 2 is the practical 
implementation of what has been discussed 
above concerning the principle of four-point 
resistance measurement. In fact, the circuit 
diagram is hardly more complex than Fig. 1: 
only the range resistor selection and the ref- 
erence source are added 

A pseudo-zener diode Type TL431C is 
used as the reference source. The zener takes 
its unregulated input voltage from a 9-V 
(PP3) battery. The reference voltage at the — 
input of the opamp is set by a multiturn 
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Fig. 2. 


preset, Pt, which forms part of a potential 
divider connected across the reference 
source. To eleminate the off-set voltage in- 
troduced by the opamp, the voltage at the - 
input is set to 100 mV minus the off-set 
voltage. All voltages in the circuit are refer- 
enced against the cathode of the TL431C. 

The opamp adapts the gate drive of FET 
Tı until the voltage drop across the selected 
reference resistor (Ri, R2 or R3) equals the 
reference voltage. When this is achieved, the 
current through Rx is either 1 A, 100 mA or 
l mA. 

An R-C network, Re-Cs, and a capacitor, 
C2, ensure a high d.c. amplification of the 
opamp, while keeping the a.c. amplification 
as small as possible to prevent instability. 

There are good reasons for using a less 
than common opamp in this circuit. The 
TLC2201 from Texas Instruments offers a 
large drive margin right up to about 0.1 V 
below the supply voltage, while its off-set 
voltage remains stable despite changes in the 
ambient temperature and the supply volt- 
age. Also, its input bias current is very small 
thanks to the use of input FETs. The large 
drive margin is essential here to ensure suf- 
ficient gate drive for the FET at a relatively 











Circuit diagram of the m9 adaptor for digital multimeters. 


low supply voltage (battery operation). 

Given the relatively high measurement 
currents, the contact resistance of the range 
switch must be taken into account. That is 
why the opamp input, pin 3, is connected to 
the selected measurement resistor via Ro and 
an extra deck on switch Si, rather than di- 
rectly to the pole of Sia (point ^A"), 

The functions of the rest of the compo- 
nents in the circuit are easily explained. Re- 
istor Ri reduces the power dissipation in the 
FET. It can be made smaller when high con- 
tact resistances are to be compensated in the 
measurement circuit. Push-button S2 and re- 
sistor R10 are included to check the correct 
function of the adaptor and the multimeter 
(battery test). The 1.5-V battery marked 
"Batt.1' in the circuit diagram may be a 
‘mono’ (IEC R20) or ‘baby’ (IEC R14) type, or 
a ‘mignon’-size (IEC Ré) NiCd battery. The 
internal resistance of all these three battery 
types is sufficiently small. The battery 
marked 'Batt2' is a 9-V PP3 (IEC 6F22) 
power pack. 

Diode D2 protects the circuit against back 
e.m.f. produced when inductances are 
measured. A protection against external 
voltages is not provided. Also, be careful 

















Measurementrange Indication 
(adaptor) (DMM) 
020 200mV 
2.02 200mV 
200 200mV 





Table 1. DMM indication to value conversion 


Resistance Conversion 

(Rx) 

200 ma readout x 1 mO/mV 
20 readout x 0.01 Q/mV 
204 readout x 0.1 Q/mV 
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MAIN SPECIFICATIONS 


* Suitable for all digital 
multimeters with a 200-mV d.c. 
range 

* Added measurement ranges: 
200,20,0.20 

* Resolution: 10 MQ, 1 mQ, 0.1 mO 

* Measurement error: 0.1%, 0.2%, 
0.5% (depending on DMM 
tolerance) 

* Four-point resistance 

measurement 









when measuring the resistance of transfor- 
mer windings—the voltage induced in the 
primary winding may be dangerous! 


Construction and adjustment 


The adaptor is built on a small single-sided 
printed circuit board, of which the artwork is 
shown in Fig. 3. Because of the relatively 
high measurement current, it is recom- 
mended to use fairly thick wires (eg, 
0.75 mm^ multi-strand wire). Do not use 
solder terminals—instead, solder the wires 
directly to the board, the battery holder and 
the terminal posts on the front panel. The ter- 
minal posts (or ‘wander sockets’ as they are 
sometimes called) are types with a horizon- 
tal through hole in the threaded shaft. These 
holes are used to clamp down the wires of 
the resistor to be measured, while the probes 
of the multimeter are inserted into the verti- 
cal cylinders in the terminals. 

To adjust the adaptor, set it to the highest 
measurement range (reference resistor R3, 
switch Sia to position ‘4’). Short-circuit the 
measurement posts. Connect the multimeter 
probes directly across reference resistor R3, 
and adjust preset P1 until the DMM indicates 
100 mV. It is recommended to repeat this ad- 
justment from time to time. 

In principle, the adaptor may also be ad- 
justed in any of the two other ranges. How- 
ever, adjustment in the 20-Q range will 
provide the highest accuracy because the 
measurement resistor in this range has the 
smallest tolerance (0.1%). In any case, fit new 
batteries before adjusting the adaptor. 

A few remarks on the battery voltages: 
the BUZ10 (T1) starts to conduct at gate volt- 
ages between 2.1 V and 4 V. A drain current 
of 1 A requires a gate-source voltage of 4.5 V 
or more. In practice, this means that the bat- 
tery voltage of Batt.2 must not drop below 
7 V. Theoretically, the lowest voltage of 
Batt.1 is 











limas (RAFRI+R ng 
1 (0.47+0.1+0.2) 





Again in practice, the minimum battery volt- 
age will higher at about 1 V to allow for the 
drain-source voltage (Uas) of TL, wire losses, 





ST AND MEASUREMENT 

















Fig. 3. 
the adaptor PCB. 


and copper track losses. 





When long test wires are used between 
the adaptor and the resistor to be measured, 
or when high contact resistances are to be 
taken into account, resistor R4 should be 
made smaller, e.g., 0.22 Q. 


Practical use 


The unknown resistor and the DMM are con- 


Track layout (mirror image) and component mounting plan of 


Fig. 4. 
nected to the terminal 
posts on the front panel of the milli-ohm 
adaptor. The reading on the DMM is con- 
verted into a resistance value as shown in 
Table 1 
As already mentioned, care should be 
taken when measuring inductive compo- 
nents such as large chokes and transformer 
windings. When an inductive component is 
disconnected from the adaptor, it may pro- 


COMPONENTS LIST 





Resistors: 

1 021 0.5% RI 

1 120.2% R2 

1 1000.96 R3 

1 / 00471W R4 

1 1000 R5 

1 1T0kQ R6 

2 2k07 R7;R8 
1 82kQ R9 

1 10 R10 

1 2kQ multiturn preset P1 
Capacitors: 

2 47uF 16V radial C1;C5 
1 10nF c2 

2 100nF C3;c4 


1 10uF 16V radial 








Semiconductors: 
1 TL431C D1 
1 1N4001 D2 
1 BUZ10 Ti 
1 TLC2201 ICt 
Miscellaneous: 
1 3-pole 4-way PCB mount 
rotary switch S1 
1 SPST push-button S2 
1 9V battery with clip Batt.1 
1 1.5V battery with holder Batt.2 
1 Heat-sink for T1 
1 ABS enclosure, size approx. 
145x90x30mm 
1 Terminal post black 
1 Terminal post red 
Printed circuit board 920020 








OFF 
200M2 
ox 
200 


B TEST 


Rx 


q-—r3-95 


Milli Q Meter 
adapter 





920020 - F 


Suggested front panel design. 


duce an induced voltage. In the interest of 
safety, keep to the following order: (1) con 
nect the unknown inductor to the adaptor; 
(2) connect the multimeter; (3) switch on the 
adaptor with Si. The opposite order applies 
when the measurement is finished: (1) turn 
off the adaptor; (2) disconnect the 
multimeter; (3) disconnect the inductor 
Large inductances, for example 
transformers, are best short-circuited before 
disconnecting. 

Fortunately, the above connection and 


power 


disconnection order need not be observed 
when purely resistive components are 
measured 


Extensions 


It is, of course, possible to extend the present 
adaptor into a dedicated milli-ohm meter: all 
that is required to do so is a separate power 
supply and a conventional DVM module. 
The inputs of the DVM are then connected 
directly between the pole of Sib and the 
ground. In this way, the DVM measures the 
ratio of the unknown resistance to the refer- 
ence resistance, independent (within limits, 
of course) of the measurement current, 
which makes adjustment unnecessary. The 
accuracy of the instrument thus depends on 
the accuracy of the DVM module and that of 
the reference resistor LI 
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GENERAL INFORMATION 


THE COMPLETE PREAMPLIFIER 
In response to the requests of a number of 
readers, here is a listof technical data for ‘The 
complete preamplifier’ published in our January 
& March 1991 issues). 








MEDIUM-POWER AF AMPLIFIER 
Since we published the ‘Medium-power AF 
amplifier’ in our October & November 1990 
issues, our design laboratories have taken 
delivery of some new, more sophisticated test 
instruments. Among this is an audio ana- 
lyser that gives more precise measurements 
of THD, IM, TIM. and soon. The internal dis- 
tortion of this instrument is way below 0.001% 
(20 Hz-20 kHz). The instrument also has a 
two-channel FFT analyser (sample frequency 
192 kHz) with built-in 24-bit s il proces- 
sors. This enables very accurate and rapid 
analyses of distortion. 

Since the instrument was not available dur- 
ing the design of the *Medium-power am- 
plifier’, our engineers felt it worthwhile to 
subject their prototypes to an analysis with 
the new instrument. Some of the results are 
shown in Figures 1-5. 

Ithas become apparent that the power tran- 
sistors specified, that is, the BD911 and 
BD912 in practice have a much larger spread 
than we were led to believe by the manufac- 
turer’s data sheets. A number of readers have 
reported that because of this their amplifier 
has broken down spontaneously. The 
son for this is that one of the three pai 
connected transistors draws a larger current 
than the other two and that’s the end of that, 
or rather, of the transistors. 

To ensure that such mishaps cannot occur, 
the characteristics of the transistors should be 
measured before the devices are taken into 
use. A suitable instrument for this is the 
*High-current hpg tester" published in our 
September 1990 issue. It is advisable to use 
three transistors whose characteristics do 
not deviate from one another by more than 
about 20%. 

It is, of course, also possible to use dif- 
ferent types of transistor, for instance, the 



















The complete preamplifier — Technical Data 


Input sensitivity 
Microphone input 
Line inputs 
Input impedance 
Microphone input 
Line inputs 
Nominal output voltage 
Output impedance (tape & line) 
Maximum output voltage 
Bandwidth (10 kQ load) 
Microphone input 
Line inputs 
Signal-to-noise ratio (inputs shorted) 
Microphone input 
Line inputs 
Channel separation (Zsource <600 2) 
(line inputs) 
Cross-talk between inputs 
(unused inputs terminated in 600 Q) 
Harmonic distortion (1 V output) 
(line inputs) 
Intermodulation distortion (1 V output) 
(line inputs) 





24 mV rms. 
150 mV r.m.s. 


47kQ 
47kQ 

1 Vrms. 
<100 Q 
9.5vrm.s. 


20 Hz-20 kHz (40.3 dB) 
5 Hz-1 MHz (+0.5 dB) 


>80 dB (linear) 

7100 dB (linear) 

2100 dB (1 kHz) 

>70 dB (20 kHz) 

»100 dB (1 kHz) 

280 dB (20 kHz) 
«0.00346 (20 Hz-20 kHz) 





«0.0059: (250 Hz/4 kHz; 4:1) 





BDT95 and BDT96, or the BDT85 and BDT86. 
Furthermore, it cannot be overstressed that 
before the amplifier is tested, power resistors 
of 15-22 Q are inserted into the supply lines. 





No damage can then ensue and you can 
certain the current split between the three tran- 
sistors (by means of the voltage across the 
0.27 Q emitter resistors) a 

















Fig. 2. THD from 20 Hz to 20 kHz at an 
output voltage of 2.83 V (1 W into 8 9). 


Fig. 3. Frequency characteristic at an out- 
put voltage of 2.83 V. 














i 














Fig. 1. Harmonic distortion at 1 kHz. 
Expressed as a percentage: 0.004%. 


Fig. 4. Intermodulation distortion 500 Hz: 
7 kHz; power ratio 4:1. 


Fig. 5. Harmonic distortion vs the drive 
voltage to the output amplifier stages. 
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LETTERS 


PAL PROGRAMS 

Dear Editor—lt is very frustrating that you 
don't publish the full program of the PAL 
ICs for some of your designs. To me, it makes 
the whole design seem incomplete. If a par- 
ticular program is too long to publish in your 
magazine, would it be possible for me to 
order it in the usual way? 


G. Wilson. Christchurch, New Zealand 


We have had letters with the same complaint 
from quite a few readers. There are a num- 
ber of reasons that we cannot publish these 
programs: one you have mentioned already: 
size; another is copyright. You and other 
readers may note that, if we can legally do 
so, we will supply such programs if they are- 
ordered on the order form elsewhere in this 
issue. Editor 





TEACHING VALUE OF PROJECTS 
Dear Editor—Although many projects in 
your magazine have considerable teaching 
value, some of that may be lost through lack 
of including (or at least mentioning) vari- 
ants or (even at a later date) possible add- 
ons. 


J, Trethowan, Bradford 


This is an aspect pointed our to us before by 
a number of reachers. Quick action may not 
be possible, but the point has been made to 
our designers and technical staff. Editor 


EPROM PROGRAMMER 

Dear Editor—I have read your magazine 
with interest forovera yearand forsome time 
now have been hoping to see an article on 
àn EPROM programmer for an IBM/com- 
patible PC. Is anything of this nature planned 
for the near future? If not, could you please 
consider it some time? 


Toby Hughes, Redditch, Wores. 


J regret, there is no EPROM programmer 
on our planning far the next six months, but 
we will bear your request in mind for the six 
months after that. In the mean time, have 
you considered the "Mini EPROM program- 
mer’ in our January 1990 issue? Editor 


NTSC-PAL-SECAM TRANSLATOR 
Dear Editor—1 am writing to congratulate 
you on a fine electronics magazine. It is one 
of the best I've seen for years. The quality 
of the articles is very high and there seems 
10 be no shortage of variety. Keep up the 
good work. 

I would like to suggest an article for fu- 
lure issues. This article would have an inter- 


national flavor and I’m sure many people 
would like to see it. The subject would be 
about building a converter for the different 
TV systems. In other words, a need does 
exist forconverting a recorded VCR tape from. 
one format to another. Forexample, an NTSC 
format to PAL or vice versa. l'msure that sev- 
eral readers would find such a project just 
what hey have been looking for (on both 
sides of the ocean). I shouldn't think that 
this is outside the scope of readers or your 
staff to produce. In these days the world is 
very small and several instances will occur 
for such a need. I hope to see such an article 
in the future. 


James Creviston, Chanute, Kansas. 


A thought that I personally find very attrac- 
tive. Unfortunately. its execution Is rather 
more complex than would appear. Commercially, 
it is, of course, a non-starter: manufactur- 
ers the world over are not in the least inter- 
ested in standardization or their customers" 
interest. A little while ago, it seemed that some 
sense was beginning to prevail, when the 
Inrernational Radio Consultative Committee 
stated: The long-term Juture of HDTV 
lies in the digital domain, and, equally, the 
long-term future af HDTV standards should. 
lie with a unique world-wide standard”. 
Alas, politicians, spurred on by manufac 
turers (voters, money!) have overruled this 
wisdom and that ane world-wide standard 
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does not look likely in our or our children's 
lifetime. That, of course, brings us back to 
your suggestion which, in the light of what 1 
Just said, becomes even more important, Iwill 
discuss it with our technical baffins; in the 
mean time, any readers who liave bright 
ideas on the subject, please let us know. 
Editor 


AM BROADCAST RECEIVER 
Dear Editor—I was most interested in the 
above article (October 199], pp. 52-55) and 
feel that congratulations should go to the 
author for presenting such a novel approach 
to the subject. | am considering the con- 
struction of the circuit. but would appreci- 
ate clarification of one or two points regard- 
ing Figure 5: (1) C47 and C48: I can find no 
detail on these capacitors in the text as the 
asterisks suggest there should be; (2) 1C3 4046 
phase-locked loop: the connections shown 
for the 4046 suggest that only the phase 
comparators I and I sections of the IOC are 
used in this application, but nor the VCO 
and source follower, Is this correct? If so, T 
do not understand the function of the *in- 
hibit control’ (pin 5) as my understanding is 
that this control only has effect on the VCO 











and source follower sections of the IC and 
northe phase comparator sections; (3) finally, 
will PCBs be made available? 


P.F. Claret, Staines 


(1) Capacitors C47 and C48 may have a 
value of up 10100 pF, but they may not be 
necessary at all with some types of 455 kHz 
resonator; this can only be established by trial 
and error in any pari 2) Your 
analysis of the operation af the 4046 PLL in 
this circuit is correct. In this application, how- 
ever, the INH pin of the IC has no function 
and may be tied permanently ro the positive 
supply rail to reduce the current drain. 
Nevertheless, the connection suggested in the 
article is not incorrect in any way, (3) Regrettably, 
PCBs will not be available for this project. 
Technical Editor 




















DISAPPOINTED... 
Dear Editor—I wish to express my disap- 
pointment with your publication. I once sub- 
scribed to your English issue, which I really 
enjoyed. So, when the USA version debuted, 
I quickly bit. T have had absolutely no luck 
with any of the articles in any of the issues 





to date. The closest has been the latest (January 
1992) issue. The charton computer interfaces 
(PC connectors. Ed) would be great if you 
re-issue it with the errors corrected, e.g. (1) 
connect pin 20 to pin 4 in the DB25 to DB9 
cable; (2) put the door open connection for 
some floppies; (3) indicate that the twist in 
the special IBM ribbon cables is to allow all 
disk drives to be strapped as B drives. So much 
more could have been on the chart. 

The other almost article was the CD con- 
struction article. How can one build a CD 
player when you can buy a beauty with IR 
remote for under $100? I thought it was 
going to be how the under $100 goodie could 
be made with a digital interface to the IBM 
as a CD ROM reader and give a source code 
for software to read the result. 














Travis Brackeen, St. Louis, Missouri 


T regret your disappointment, bur your letter 
does not really indicate the source of it. The 


firsttwo comments on the PC connectors chart 


are additions rather than corrections, but 
point 3 is well taken and an indication to 
that effect would have been useful. As to 
your comments on the CD player, indeed. there 
are CD players on the market for under $100 
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but what is their quality? Our research in- 
dicates thar to find a (new) CD player with 
adeck of the quality of the CDM-4 for under 
$200 is miraculous, Apart from that, for 
most home constructors the fun of. the pro- 
jects lies in the doing it yourself. Inte ng 
to the IBM as a CD ROM reader is some- 
thing for the future(?) Editor 





AND DELIGHTED 

Dear Editor—l appreciate my subscription to 
EEUSA, especially for the practical appli- 
cations; these are useful in my courses (the 
writer is an associate professor in electrical 
and computer engineering—Ed). 

I'm wondering if you could append a 
one-paragraph biographical sketch of each 
author at the end of each article. A photo of 
the author would enhance it even more. I 
believe this might serve to inspire your readers 
even more. 








Allen Drake, Durham, NH 

How pleasing to read that our articles are 
used notonly for individual pleasure, but also. 
for educational/training purposes. The use 
of short biographical sketches of authors, with 
or withour photograph, is far more wide- 
spread in the USA than in Europe, where, in 
fact, itis virtually unknown, except in the jour- 
nals of learned societies. I find it a com- 
mendable practice and will, therefore, en- 
deavour to introduce it, There is a practical 
problem, however: often, the author is not the 
designer of a project, particularly if the de- 

sign originates in ourown laboratories (when 
the article is written by a technical writer 
on our staff). However, problems exist to be 
overcome! Editor 














MAKING YOUR OWN PCBs 

Dear Editor—I am interested in creating my 
own PCBs and have bought plain copper-clad 
boards and attempted to coat them with pos- 
itive photoresist. I use *Electrolube RPSO 
Positive Photoresist spray and caustic soda 
the developer. | have the problem of not 
knowing exactly how long to expose the 
board to the UV source and upon develop- 
ing the board different areas seem to de- 
velop at different rates so that when one part 
of the board is fully developed, other parts 
are not. I have tried between 5 and 15 min- 
utes exposure to UV light but have not had 
much luck. 

Thave also tried *Seno Positiv 100 Photo- 
resist and ‘Seno Develop 111 Soft appli- 
cators, but have not had much luck with 
them either. After exposing the board to UV 
light, I have attempted to develop the board 
using the soft developer but 1 cannot tell 
when the boardis fully developed, The tracks 
appear as very light green, but when etched 
in ferric chloride, there still seemed to be some 
photoresist on other parts of the board that 
slowed down the etching. 

I have considered buying the pre-coated 
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boards, but the extra cost means that I would 
rather, if at all possible. coat the boards my- 
self to save the money. Are the pre-coated 
boards worth buying for their better quality 
or is it possible to get just as high quality re- 
sults from home coated boards? 

I would appreciate any advice and help. 


Howard Price, Newport, Gwent. 


We cannot see why with all the work you 
have put into it, vou have not been able to 
obtain satisfactory results. One comment is. 
that the etching tray should be rocked gen- 
tly during the initial and final stages of etch- 
ing. Have you studied our article ‘Make 
your own PCBs’ in the September 1990 issue? 
Are there any other readers who have had, 
and solved, difficulties similar to Mr Price's? 
Please let us know, Technical Editor 


S-VHS/CVBS TO RGB CONVERTER 
Dear Editor—With reference to the above 
article, published in your October 1990 issue, 
can you confirm that the Toko inductor (La) 
type listed is correct? Cirkit (Distribution) in- 
sist this has never existed and said it proba- 
bly should have read "119 LN-5873", However, 
that is only 15 uH, whereas L» is shown as 
50 uH. Is La critical or would any 50 uH in- 
ductor be safe to use? 


G. Franklin, Canvey Island, Essex. 


Contrary to what Cirkit advises, Toko inductor 
Type LIOLNAS783 does exists and its nomi- 
nal value is 50 uH. The type indication on 
the can of the inductor used to build our. 
prototype of the converter reads *A5783* 
and the device is certainly one from Toko's 
IIOLN series. If you still have problems get- 
ting this component, ir is available ex-stock 
from C-I Electronics, PO Box 22089, 6360AB 
Nuth, Holland, fax +31 45 241 877. 
Although the adjustment of this inductor 
is fairly uneritical, a 119LN5873 would prob- 
ably not work as its inductance is too low. 
As an aside, the adjustment of P j appears 
10 have caused problems to a number of con- 
structors. It appears that the PLL will not. 
lock and IC; cuts off all the video when the 
frequency is set only a couple of Hertz above 
the target frequency of 15 625 Hz. The best 
setting of Pj is, therefore, a little too low (clock- 
wise), whereupon the picture will appear after 
a few seconds. Editor 


























DIGITAL STORAGE SCOPE? 
Dear Editor—I have read your magazine for 
some time now and find the general stan- 
dard and coverage of constructional articles 
excellent. 

However, having recently started the mi- 
crocomputer-controlled logic analyser as a 
long-term project (money is tight!), [thought 
that a matching digital storage oscilloscope 
with a full set of bells and whistles (so to 





speak) would make a good series of articles: 
using the computing power of a PC would 
make a very versatile instrument. I haven't 
enough know-how to design such a device— 
I leave that to greater minds!—but wonder 
if you would give it some thought. 


lan Beeby, Bolton, Lancs 


Another bright idea, but I cannot say if and 
when we can bring it to fruition. However, 
we'll do our best. Thanks for vour good 
wishes. Editor 


EXPENSIVE PCBs 

Dear Editor—...By the way, you're doing a 
great job! Best magazine of this type since 
Popular Electronics in the mid 50s. Don't 
changeathing! One small suggestion, though: 
is there any way to lower the costs of PC boards 
related to your projects? Quantity discounts? 
Something like discounts on college meal 
lickets or gift certificates. 





V. Goodwin, Charlotte NC 


Thanks for your kind words—we'll do our 
best to keep up the standards. Your com- 
ments as to prices for PCBs have been passed 
to our commercial department. Editor 


RCS5-CODE IR RECEIVER 

Dear Editor—I would like to express my grat- 
itude for your article in the January 1992 issue 
entitled ‘Universal RCS-code Infra-red Receiver’. 
I have been curious as to exactly how they 
work for some time, and found that infor- 
mation regarding operation was somewhat 
bare. I have had ideas for controlling my 
audio/visual components, most of which 
seem best adapted for using pre-existing 
control functions through infra-red links, 
Yours is the first magazine that has dealt 
with and explained this topic. During the ime 
that I have been a subscribing member, I 
have found your magazine to have the most 
relevant, well-applied articles of electronics 
magazines. It is nice to know that what I'm 
reading is also being read in at least 13 dif- 
ferent countries. I hope that you maintain 
the level of excellence that you have so far 
exhibited, 

















David G. Burd, Miami, Florida 


Thanks for letting us know that you appre- 
ciate our magazine—letters like yours make 
producing the magazine even more worth- 
while rhan it already is. To make it even 
nicer to know: the articles are read in at 
least 50 different countries (they are written 
in one of four languages and translated into 
nine others). Editor 


